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idea of progress in weed control. 





SINOX W For selective spraying of seeding alfalfa, onions, flax, peas 
and grain seeded to legumes. 





SINOX PE For pre-emergence spraying of potatoes, beans, corn and 
peas; control of winter annuals in fall seeded alfalfa and 


clover. 





SINOX GENERAL As a desiccant for Seed Alfalfa, Clovers, Sudan 
Grass, Milo, and Flax. Used for general weed control in 
orchards, vineyards, irrigation ditches and roadsides. 
—Potato Vine Killing. 
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ATLACIDE: A chlorate weed killer 
..- widely used for non-selective 
eradication of bindweed, Canada 
thistle, quack grass, Johnson grass 
and other tough perennials. Kills 
roots...discourages regrowth. Ap- 
plied as spray or in original dry 
form. 


ATLACIDE WITH 2, 4-D: A com- 
bination of Atlacide and 2,4-D acid. 
Particularly recommended for Can- 
ada thistle control. 


CHLOREA: A uniform, non-sepa- 
rating combination of sodium chlo- 
rate, borate and CMU. Kills all 
types of weeds and grasses. Com- 
bines the proven effectiveness of 
chlorate on deep-rooted weeds with 
the soil-surface action of CMU on 
shallow-rooted grasses and annual 
seedling growth. Has lasting resid- 
ual effect to inhibit new growth. 
Does not create a fire hazard when 
used as directed. Applied dry or as 
a water-mixed spray. For industrial, 
railroad and certain agricultural 
uses. 


CHLORAX "40": A non-separat- 
ing composition of sodium chlorate 
and borate...for weed and grass 
control. Has a lasting residual effect. 
Does not create a fire hazard. Ap- 
plied dry or as a spray. 
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easy mixing with water. 


ATLAS “A”: A 40% sodium arse- 
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SODIUM ARSENITE: A powder 
containing 75% arsenic trioxide. 
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DDT— 100% Technical 
DDT — Wettable Powders 


DDT — Dust Concentrates 
and Emulsions 


Lindane — Emulsions, 
Wettable Powders, Dusts 


DiaMonp dependable insecticides have long been 
favored because of their uniform high quality. DDT, 
BHC and Lindane Technicals are supplied in many 
types and forms. 


Lindane — 100% Gamma lsomer 
of BHC 

BHC — 40% Technical 

BHC—12% Wettable Powders 
and Dusts 

BHC — Emulsion Concentrates 

K-101 —Miticide 


Weed Killers and Brush Control Chemicals 


DiaMonpD weed and brush killers, based 
on the 2,4-D and 2,4-T chemical groups, 
meet every weed and brush control 
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BRUSH CONTROL 


Technical Buty!l-T ¢ Technical lsopropy!l-T 
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DIAMOND research is constantly seeking 
new and better insecticides and herbi- 
cides and working with formulators and 
agricultural chemists in the development 
of more efficient forms and application 
methods. We will be glad to work with 
you. For information on DIAMOND 
Chemicals and technical co-operation 
write, Diamonp ALKALI Company, 300 
Union Commerce Bldg.,Cleveland 14,0. 


are produced in two forms: Technical 
for use by formulators and processors in 
their own formulations and ready-to-use 
formulations for farmers, ranchers, 
country clubs and homeowners. 





WEED KILLERS 
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BRUSH CONTROL 
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42 2-Ethy! Hexy! (!so-Octy!)-T 
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Brush Killer 
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(Low Volatile) 
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PRODUCTS 


for effective, economical weed control 
POTASSIUM CYANATE 


for pre-emergence contact weedkilling, post-emergence selective contact 
ae top-killing and defoliation. Breaks down rapidly on contact 
with soil. 


AERO® CYANAMID, Granular 


Contains 20% nitrogen and 70% hydrated lime. For pre-emergence weed 
control in peas, corn, asparagus and other crops. For pre-seeding weed 
control in tobacco and other plant beds, for establishing or renovating 
weed-free turf. In granular form for easy handling and application. 


AERO* CYANAMID, Special Grade 


Contains 21% nitrogen and 70% hydrated lime. In dust form for pre- 
emergence residual and contact weed control. Defoliates cotton, field 
beans and other crops. For pre-harvest top-killing of tomatoes and potatoes. 


AMINO TRIAZOLE (3-amino-1,2,4-triazole) 


(LIMITED QUANTITIES AVAILABLE FOR COMMERCIAL AND EXPERIMENTAL USE) 
Herbicide, Defoliant, Growth Regulator 


Amino Triazole has demonstrated effectiveness in control of a number of 
troublesome weeds, including Canada thistle, sow thistle, poison ivy, 
poison oak, quack grass, nut grass and certain woody species. By virtue 
of a short residual life in the soil, Amino Triazole can be sprayed on weed 
infestations a short time before planting without injury to the crop. 
Amino Triazole translocates readily through the plant and produces un- 
usual systemic effects, manifested by albinism or chlorophyll inhibition 
in new growth. This typical effect has continued to show up as long as 
one year after spraying certain species. 

At rates of 4% to 14% pounds per acre, cotton has been defoliated and re- 
growth controlled for a sufficient time to permit harvest. 


AMERICAN Cyanamid COMPANY 


AGRICULTURAL CHEMICALS DIVISION 
30 Rockefeller Plaza, New York 20, N. Y. 
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Experimental Herbicide Natrin* (sodium 2,4,5-trichlorophenoxy- 
ethyl sulfate). Apply after clean cultivation to get a weed-free harvest 
without crop injury. 





SUGAR BEETS and CUCURBITS 
Experimental Herbicide DCU* (dichloral urea) mixed with the top 
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CracG Herbicide-1 (SES) cuts peanut production costs. Bigger yields 
result from increased weed control and less Southern Blight. In 
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For experimental use only by or under the supervision of Federal or State 
agencies authorized by law to conduct research in the field of economi 
poisons. Treated crops should not be used for food or feed, 
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VoLuME IV 


Leaching and Decomposition of 2,2—Dichloropropionic 
Acid in Several Iowa Soils’ 


J. T. Hotstun, JR. and W. E. Loomis? 


_ studies were an attempt to evaluate some of the factors 
affecting the detoxification of 2,2—dichloropropionic acid in soils. 
Residual toxicity is a factor that must be evaluated before effective 
use can be made of any herbicide. Stability is preferred for purposes 
of soil sterilization; rapid disappearance of the herbicide may be 
essential in preplanting treatments; and in foliar applications, rapid 
disappearance of the material that reaches the soil may be im- 
portant. Detoxification is usually considered to be the result of one 
or more of the several processes, decomposition, leaching, adsorp- 
tion, and volatilization. 

The herbicide 2,2-dichloropropionic acid (dalapon) has been de- 
veloped so recently that relatively little information is available on 
the behavior of the chemical, although a large amount of work has 
been done on the related trichloroacetic acid (TCA), and on other 
less similar herbicides. 

Insofar as the properties of any herbicides are concerned, solu- 
bility in water is a major factor in leachability. Water-soluble TCA 
appears to be extremely mobile in several soil types (13, 16), and 
appreciable leaching of water-soluble formulations of derivatives of 
t,6—-dinitro ortho secondary butylphenol by 2 surface-inches of water 
has been reported (6). Several investigators (11, 14, 18) have reported 
relative immobility with less soluble herbicides such as isopropyl! 
N-(3-chlorophenyl) carbamate, and 3-(p—chlorophenyl)-1,1-—di- 
methylurea. In a review paper, however, Aldrich (2) points out that 
differential solubility in water is not the only explanation for dif- 
ferences in leaching of various herbicides. Several investigators have 
reported inhibition of the movement of herbicides in soils by ad- 
sorption by soil colloids or organic matter. 

For most herbicides, detoxification by decomposition appears to 
be primarily a function of microbiological activity (2, 3, 5, 9, 10, 
11, 15). Rai and Hamner (17) found only slight toxicity to wheat 

‘Journal paper No. J-2811 of the Iowa Agri. Exp. Sta., Ames, Iowa; project 944. 

*Agronomist, Field Crops Research, ARS, Weed Investigations Section, USDA, 


Stoneville, Miss. and Professor, Dept. Botany and Plant Pathology, Iowa State 
College, Ames, Iowa, respectively. 
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seedlings in sandy soil 42 days after treating with 15 to 60 lb of 
TCA per acre. Moderate injury to wheat was observed on a clay 
loam soil, while on a muck soil marked toxicity persisted for at 
least 108 days. Ogle and Warren (16), however, reported the slow- 
est detoxification of TCA in a sandy soil and the fastest in muck. 
Loustalot (13) found that the persistence of toxicity was longer 
under dry soil conditions, in heavier soils, at lower temperatures, and 
when the highest rates were used. The effect of such factors as soil 
pH, and additions of lime and manure on the decomposition rate 
of 2,4—D in soils may vary with different soil types or conditions 
(1, 5, 8, 12). It is probable that this is also true for other herbicides. 

Southwick (19) reported that, under greenhouse conditions with 
heavily watered soil, the toxicity of 40 Ib/A of dalapon persisted for 
8 to 12 weeks. Brown (4) reported that 40 Ib/A of dalapon applied 
in June was still toxic to alfalfa and sweet clover one year later 
under field conditions. In these experiments, both leaching and 
decomposition were factors. Appreciable loss of dalapon from soils 
by volatilization does not appear likely. 


MATERIALS AND METHODS 


The sodium salt of 2,2-dichloropropionic acid (dalapon) was used 
in all experiments. Except as will be noted, it was prepared by neu- 
tralization of reagent grade (97 per cent) 2,2—dichloropropionic acid 
with sodium hydroxide. The quantities of dalapon are presented 
on the basis of the acid equivalent. 

The soils used in the leaching and decomposition experiments 
were collected in the field, screened and air-dried. Some properties 
of these soils are presented in Table 1. The details concerning soil 
modification are presented with the results of individual experi- 
ments. 


Table 1. Properties of soils and modifiers used in decomposition 
and leaching studies. 

















ee Field Losson | Organic 
Soil type or modifier Pk pH | capacity ignition | matter 
| pet } pet 

Fayette med. silt loam (field limed). . . | F6.5 6.5 13.5 | 3.7 
Fayette med. siltloam. ... | F5.1 as (tl 14.8 | 1.44 
Webster silty clay loam | Web. +> 24.8 | - 7.09 
Luton silty clay..... Lut. 6.8 | 32.5 | 
Ida-Monona silt loam. | I-M. 7.8 | 14.9 1.79 
Soil-manure lot 1... ‘ Mi — — 25.10 . 
Soil-manure lot 2... . ; : Me — | — 16.43 
PORE sc ccivavs cess : ak eaters | P — | - | 42.00 - 
Creek bank sand (fine and white) Ss — | -— |(Assumed to be low) 





Soybeans (Hawkeye) were used as test plants in the leaching 
studies, and millet (Large Yellow) was used in the bioassays for the 
decomposition experiments. 

In the leaching studies, soil columns about 7 inches high by 2.6 
inches in diameter were formed in glass tubes. These columns were 
thoroughly wet and allowed to drain overnight. Dalapon, equivalent 
to 24 Ib/A on an area basis, was added to the surface of the soil 
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columns in water solution equivalent to 0.5 surface-inches. Then two 
additional 0.5 inch applications of water were used, each being add- 
ed when the preceding portion had disappeared into the soil col- 
umn. After an appropriate interval of drainage, the top 6 inches of 
each column was sectioned into successive l-inch layers. Soybeans 
were grown in the soil of these layers for 10 to 14 days after 
emergence. The green weights of growth above the cotyledonary 
node were used as the response indicator. The development of the 
test plants in the treated soil was compared with that made in 
similarly handled soils of known dalapon concentration. 

In the decomposition studies, dalapon was added to air-dry soil 
at the rate of 120 ppm on an oven-dry basis. It was applied in the 
necessary volume of water to adjust the moisture content of the soil 
to a specific level and thoroughly mixed with the soil sample. Ex- 
cept for studies involving sterilized soil, the herbicide-soil mixtures 
were stored in quart jars. For each sample treated with dalapon, 
there was an untreated sample that was handled in a similar man- 
ner. Four replications of each treatment were used. Aeration for the 
soil was provided by using loose lids for the jars or by opening the 
jars and forcing in air at weekly or shorter intervals. 

The dalapon remaining in each treated soil sample was estimated 
at various intervals by a bioassay technique. The equivalent of 20 
grams of oven-dry soil from each jar was placed in a petri dish, and 
planted with 20 millet seeds. ‘The soil moisture content was adjusted 
to the predetermined percentage required for optimum growth of 
the millet. The elongation of the seedling shoots was determined 
after growth for 96 hours in an incubator at 27° C. The average 
length of the longest 10 plants in each dish was converted to a per- 
centage of the appropriate control. A standard curve of the re- 
sponse of millet to known quantities of dalapon was prepared for 
each soil type and modification studied. The dalapon in the un- 
known samples was estimated by reference to these standard curves. 


EXPERIMENTAL RESULTS 


Leaching of Dalapon in Soils. In preliminary experiments it was 
found that 24 lb/A of dalapon was completely leached from the sur- 
face inch of Fayette medium silt loam (F6.5), Fayette medium silt 
loam (F5.1), and Webster silty clay loam by as little as 2 inches of 
water. 

Following these preliminary experiments, an experiment was con- 
ducted to evaluate the effect on leaching of additions of fine sand or 
organic matter to three soil types. The soil types, Fayette medium 
silt loam (F5.1), Webster silty clay loam, and Ida-Monona silt loam, 
were modified by the addition of 10 and 20 per cent sand, or 4 and 
8 percent organic matter in manure (M,). The leaching character- 
istics were obtained for each original soil, and for each modifica- 
tion. The results, presented in Table 2, indicate that there was little 
adsorption of dalapon by any of the three soil types. After leaching 
with 1.5 inches of water, the highest concentrations of dalapon were 
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Table 2. Percentage reduction in growth of soybeans 10 to 14 days after 
planting in successive one-inch layers of soil that had been treated with 


- 


24 Ib/A of dalapon and then leached with 1.5 inches of water. 





























= Depth of soil layer (inches) 

ond Modifiers PI FOR ASS soa a 
type 

0-1 1-2 | 2-3 3-4 4-5 5-6 
F5.1 none 0 Oo | 38 54 36 27 
F5.1 10 per cent sand 20 S| 30 77 60 29 
F5.1 20 per cent sand 2 20 | 23 46 48 34 
F5.1 4 per cent org. matter 12 is | 56 59 38 18 
F5.1 8 per cent org. matter 10 53 | 86 72 50 16 

| 

Web. none i8 18 53 52 21 » 
Web. 10 per cent sand 0 0 | 5 38 38 36 
Web. 20 per cent sand 0 - ho 58 | 22 34 
Web. 4 per cent org. matter 6 35 70 70 55 31 
Web. 8 per cent org. matter 37 48 | 68 49 | 50 50 
I-M. none 0 Oo | 58 58 31 30 
I-M. 10 per cent sand 0 0 16 50 34 3 
I-M. 20 per cent sand 22 a4 — | = 31 34 
I-M, 4 per cent org. matter oo) oO 72 | 66 | 31 11 
I-M. 8 per cent org. matter 18 29 44 | 40 25 | 14 





1F5.1—unlimed Fayette med. silt loam. 
Web.— Webster silty clay loam. 
I-M.—Ida-Monona silt loam. 


2 to 4 inches deep in all three soil types. The addition of sand in- 
creased the downward movement of dalapon, but the effect was 
slight. The addition of organic matter did not appear to affect the 
location of the maximum dalapon concentration, but did increase 
the quantity retained in the upper 2 inches of the soil. Reduced 
growth of soybeans or formative effects were noted on the plants 
grown in the four lower sections of the columns of all soil types 
and modifications, indicating appreciable quantities of herbicide in 
these layers. 

Supplementary tests made with soybeans grown in all of the soils 
and modifications containing known quantities of dalapon, indi- 
cated that rates equivalent to 4 to 8 lb per acre-inch reduced growth 
appreciably and that rates as low as | Ib/A were detectable by 
formative effects. 

These responses to known rates were variable to the extent that 
it appeared advisable to restrict quantitative assessment of the dala- 
pon in the unknowns to relative values. The highly contaminated 
sections were assumed to contain one-third or more of the original 
application. Apparent growth reductions up to 20 or 25 per cent 
were considered to be the result of inherent variation unless distinct 
formative effects were also present. 

Decomposition of Dalapon in Soils. The quantity of dalapon re- 
maining in certain soils with various modifications under various 
conditions was estimated after specified intervals by use of the millet 
seedling bioassay. Small differences between treatments were not de- 
tectable with this method, but trends and large differences were 
readily established. The largest source of variation was that due to 
treatments in a transition stage from slow to rapid decomposition. 
No attempt was made to define differences between treatments if 
all of the average estimates were over 85 ppm, and if no definite 
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trend had been established. Likewise, no attempt was made to define 
differences between treatments on any given date of sampling in 
which the average estimates were all below 15 ppm. 

Soil temperature was shown to affect the decomposition of dalapon 
in one soil as shown in Figure 1. In this experiment 120 ppm of 
dalapon were added to Fayette medium silt loam (F6.5) in solution 
with the necessary volume of water to obtain a moisture level equal 
to the field capacity. After adding the dalapon the soil was stored 
in temperature control cabinets at the specified temperature levels. 
Bioassays were conducted | and 2 weeks after adding the dalapon. 


120 kK 


100 F * 


(PPM) 
@ 
o 


REMAINING 
o 
°o 


> 
°o 
T 


20 F 


DALAPON 





l l l j 
5 10 15 20 30 
TEMPERATURE OF STORAGE (DEGREES C.) 





°o 


Figure 1. Dalapon remaining in Fayette medium silt loam (F6.5) after treatment 
with 120 ppm of dalapon and storage for two weeks at five temperatures with 
the soil moisture at field capacity. 


Little or no decomposition of dalapon occurred in two weeks 
when the soil temperature was less than 15° C. With a soil tempera- 


ture of 30° C, decomposition was essentially complete in two weeks. 
The peg of soil moisture to decomposition of dalapon was 
indicated in a second experiment conducted in a similar manner. 


Bioassays were run 2, 8, and 16 weeks after adding dalapon to the 
F6.5 soil. Moisture levels of 0.25, 0.50, 0.75, or 1.0 times the field 
capacity were used. As shown in Figure 2 2, decomposition was slower 
but eventually complete when the soil moisture level was 0.5 of 
the field capacity, or near the permanent wilting percentage. When 
the soil moisture was only 0.25 times the field percentage, or ap- 
proximately the hygroscopic percentage, significant decomposition 
did not occur in 16 weeks. Decomposition was faster in soil at the 
field capacity than in soil at 0.75 times the field capacity, but was 
essentially complete at both of these levels after 8 weeks. 
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Figure 2. Dalapon remaining in Fayette medium silt loam (F6.5) after treatment 


with 120 ppm of dalapon and storage at four levels of soi] moisture at a tem- 
perature of 27°C. 


The effect of additions of organic matter on detoxification of 
dalapon in soils was dependent on the original reactions of the soil. 
Fayette medium silt loam that had been field limed (F6.5) and 
Fayette medium silt loam (F5.1) were used as the basic soil variates 
in these experiments. The original decomposition rate was rapid 
in F6.5 and slow in F5.1. In the first experiment, Fayette med. silt 
loam (F6.5) was modified by the addition of 8.78 per cent combus- 
tible matter in peat (P) or 7.84 per cent combustible matter in a 
manure-soil mixture (M,). Soil moisture levels for the unmodified 
soil were 17.4 and 23.8 per cent; for the plus-peat modification the 
levels were 25.7 and 34.3 per cent; and 26.2 and 35.0 per cent for 
the plus-manure modification. After treatment with 120 ppm of 
dalapon at room temperature, the jars of soil were stored at either 
0.5° or 25.0° C. Bioassays were made 1, 4, and 16 weeks after addi- 
tion of the dalapon. 

No significant differences were attributed to differences in the 
moisture levels, which were both above the field capacity, and values 
for the two moisture levels were averaged as indicated in Figure 3. 
Little decomposition took place in any soil variate at the lower tem- 
perature in 16 weeks. At 25.0° C, decomposition was most rapid in 
the unmodified soil and was practically complete in 4 weeks. De- 
composition was slowed by the addition of organic matter, particu- 
larly by the biologically more active manure. The inhibition was 
temporary, however, and decomposition was essentially complete in 
all soil variates in 16 weeks at the higher temperature. 

In the second experiment, unlimed Fayette med. silt loam (F5.1) 
was modified by the addition of Ca(OH), equivalent to 4 tons of 


CaCO, per acre, or by addition of 10 per cent combustible matter 
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Figure 3. Dalapon remaining in Fayette medium silt loam (F6.5) and two modi- 
fications after treatment with 120 ppm of dalapon and storage at two tem- 
peratures (moisture levels averaged). 


in a manure-soil mixture (M,), or by the addition of both lime and 
manure. The original soil and all modifications were then stored 
in loosely covered cans, saturated with water, and incubated for 
over 3 months at room temperature. This preliminary treatment 
was intended to effect equilibrium of chemical and biological factors 
in the soil samples. At the end of this period the soils were air- 
dried, screened and stored for about 7 weeks prior to beginning the 
experiment. Several days prior to addition of the dalapon the pH 
values were determined and the soils were chilled to 6° C. The pH 
value was 5.1 for the unmodified soil. The lime had increased the 
pH to 6.9, manure increased it to 7.3 and the addition of both lime 
and manure raised the pH of the soil to 7.5. Dalapon at 120 ppm 
and water necessary to bring all soils to a moisture content 1.5 times 
the field capacity were added in a cold room at 6° C. After mixing 
with the herbicide and water, the soil lots were placed in tempera- 
ture control chambers at either 17° or 30° C. Bioassays were con- 
ducted 1, 2, 4, and 8 weeks after adding the herbicide. 

All of the factors, pH, temperature, and organic matter, affected 
the rate of decomposition. At 17° C little or no decomposition of 
the herbicide occurred in the soil or any of its modifications in 8 
weeks. The results at 30° C are shown in Figure 4. The addition 
of lime to this acid soil increased the rate of decomposition, but had 
no significant effect where organic matter had been added. It should 
be noted that the addition of the organic matter mixture raised the 
pH more than the addition of lime. The addition of organic matter 
increased the initial rate of decomposition as compared to the 
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Figure 4. Dalapon remaining in Fayette medium silt loam (F5.1) and in three 


modifications after treatment with 120 ppm of dalapon and storage at a 
temperature of 30°C with the soil moisture at field capacity. 


natural or limed soil, but decreased the overall rate over a period 
of 8 weeks. 

As would be expected from the previous experiments, the de- 
composition of dalapon was found to vary in different types of soil 
in an experiment in which all other controllable factors were held 
constant and non-limiting. In this experiment, 120 ppm of dalapon 
and the necessary volume of water to bring each soil to the field 
capacity were added at room temperature. The jars of soil were 
then stored at 27° C. Bioassays were made after 2, 8, and 16 weeks 
of storage. 

Figure 5 shows that decomposition was most rapid in the field 
limed Fayette medium silt loam (F6.5) and slowest in the unlimed 
(F5.1). These two soils differed primarily in pH, as indicated by the 
numerals in the abbreviations. The decomposition rate was inter- 
mediate and similar in Luton silty clay and Ida-Monona silt loam, 
but slower and at a more uniform rate in Webster silty clay loam. 
These results with soil which had been air-dried and stored prior 
to treatment should not be interpreted as precisely indicative of 
what could be expected under natural conditions, but do show the 
variability which might be encountered. 

One of the last experiments conducted in the decomposition 
studies was intended to provide evidence on the relative importance 
of biological decomposition as compared to decomposition by pos- 
sible chemical reactions. The soils used in this experiment included 
Ida-Monona silt loam, Fayette medium silt loam (F5.1), and F5.1 to 
which lime had been added in the laboratory. Both Fayette variates 
were obtained by compositing the appropriate untreated controls 
from the lime- and manure-addition experiment described previous- 
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Figure 5. Dalapon remaining in five soil types after treatment with 120 ppm 
of dalapon and storage at a temperature of 27°C with the soil moisture at 
field capacity. 


ly. The soil lots were weighed into petri dishes and the moisture 
content adjusted to 20 per cent. T'wo-third of the dishes of soil 
from each variate were autoclaved for 4 hours at 17 psi. Half of the 
autoclaved dishes were then recontaminated with | gram of un- 
treated soil. The final quantity of soil in each dish was 20 grams on 
an oven-dry basis. All dishes of soil were then incubated for | week 
at room temperature to establish the growth of microflora in the 
recontaminated soils. Standard curves of millet response to known 
quantities of dalapon were prepared for all modifications of each 
soil variate. Some of the dishes were used for pH determinations 
or to log moisture levels during the course of the experiment. 

At the end of the preliminary incubation, half of the dishes to be 
used in the main experiment received 120 ppm of dalapon under 
sterile conditions in sufhicient water to bring the moisture level to 
30 per cent. The others received only sterile water and were used 
as controls. After this the dishes of soil were placed in foil-covered 
cans and stored in a large can at room temperature. The relative 
humidity was kept at a high level by use of wet sand in the bottom 
of the large can, and by a covering of wet cheese cloth over the 
smaller cans containing the dishes of soil. Four replications were 
removed after 3 and 6 weeks for bioassays. At these times a few grains 
of soil from the treated dishes were placed in sterile petri dishes 
of potato-dextrose agar to check for the presence of microorganisms. 
Most of these checks were positive. The non-autoclaved and re- 
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contaminated soils had the highest degree of contamination; and 
contamination by fungi was predominant. In view of this, the auto- 
claving should be interpreted as _ sterilization rather than 
sterilization. Changes in pH caused by autoclaving and/or incuba- 
tion were considered insignicant for the objectives of the experi- 
ment. The pH of the limed Fayette silt loam soil averaged 7.3 and 
of the Ida-Monona silt loam 8.1. 


Table 3. Dalapon, in ppm, remaining in three soil types after two sterilizing 
modifications, treatment with 120 ppm of dalapon and storage for 3 and 
6 weeks at room temperature with the moisture level at twice the field 




















capacity.” 
Sterilized? Sterilized and | Not sterilized 
Soil type? recontaminated 
3 weeks | 6 weeks 3 weeks 6 weeks 3 weeks | 6 weeks 
F5.1 — | 120 92 < o 1 
F7.3 120 } 120 1 | 0 
I-M 106 | 101 120 79 120 13 





'Means of 4 replicates. 

2Partial sterilization by autoclaving at 17 psi for 4 hours 
3F5.1—unlimed Fayette med. silt loam. 

F7.3—unlimed Fayette med. silt loam plus lime. 
I-M—Ida-Monona silt loam. 





As shown in Table 3, partial sterilization stopped essentially all 
of the decomposition of dalapon in all three soils for at least 6 weeks. 
There was an indication of slight decomposition in the autoclaved 
Ida-Monona soil, but this could be the result of adsorption by the 
soil colloids. Recontamination of the sterilized soils largely offset 
the inhibition of decomposition by autoclaving in two soils, and 
to some extent in the third. 

These data indicate the primary importance of microbiological 
activity in the decomposition of dalapon in soils, and for the soils 
studied, indicate that other mechanisms were relatively unimportant. 


DISCUSSION 


The studies reported here indicate that dalapon leaches readily, 
somewhat similarly to TCA (13, 16), and that it is rapidly decom- 
posed under favorable conditions. In certain soil types, and under 
some artificially imposed modifications of several soil types and con- 
ditions, its decomposition was markedly inhibited. 

From these data, it would be expected that the pre-emergence 
use of dalapon should be restricted to those crops on which dalapon 
is relatively non-toxic. On the other hand, its leaching and decom- 
position characteristics indicate that it has a high potential value 
for pre-planting control of weeds, and that residues will present 
little hazard of toxic accumulation with continued use at low rates, 
particularly in warm humid areas. These qualities, however, reduce 
its potential value for soil sterilization. 

A high degree of retention of dalapon was not demonstrated in 
any of several soil types when the soils were moist and warm. It is 
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possible, however, that more retention might be encountered in 
other soils, particularly those with high anion exchange capacities. 

It is postulated that the decomposition of dalapon is primarily 
a function of an unspecified fraction of the microbiological popu- 
lation of the soil. The direction of the change in rate of decompo- 
sition from any given modification would therefore depend on its 
effect on the segment of the biological population capable of de- 
composing dalapon. Although dalapon decomposed rapidly under 
favorable conditions, one could probably expect longer persistence 
in soils remaining dry for long periods, in cool soils, in at ata pH 
other than optimum, or, in short, wherever environmental con- 
ditions were unfavorable for the proliferation of the segment of the 
biological population bringing about its decomposition. 

There appear to be two possible theories for the explanation of 
the effects of the addition of organic matter. Either one or both 
could be operative. First, the addition of organic matter increased 
the substrate supply, and for a given population of microorganisms 
this would decrease the chances of any particular substrate molecule 
being utilized by an organism until a proliferation of the organisms 
had occurred. The effect on dalapon decomposition would therefore 
depend on how the added organic matter changed the proportion 
of organisms capable of utilizing dalapon to the number of mole- 
cules that were utilizable by these organisms. The second possible 
explanation requires a limitation on the number of types of organ- 
isms able to utilize dalapon. The addition of organic matter would 
increase the general population of microorganisms, with the possi- 
bility of non-utilizers of dalapon predominating. Under such a 
condition the competition between utilizers and non-utilizers could 
inhibit the initial proliferation of the utilizers of dalapon. As this 
competition proceeded the advantage could shift to the utilizers 
through limiting effects of the products of high activity, or by other 
mechanisms, thus permitting a proliferation of the utilizers that 
would be indicated by an increased detoxification of dalapon. 

From the seemingly contradictory reports of several investigators 
(1, 5, 8, 12) relative to the effects of pH, liming and organic matter 
additions on the rate of detoxification of 2,4—D in soil, and from the 
studies reported here on dalapon, it becomes apparent that predic- 
tions of the persistence of herbicides that are decomposed as a result 
of biological activity may be entirely erroneous unless the effects of 
interacting factors are evaluated. 

Soil temperature and moisture appeared to be the most critical 
of the indirect factors affecting the rate of decomposition of dalapon 
in the soil. At low temperatures and/or low soil moisture the de- 
composition of dalapon was essentially halted. With the other limit- 
ing factors, low pH and organic matter additions, inhibition ap- 
peared to be temporary. The Dow Chemical Company has reported 
(7) that dalapon in water solutions hydrolyzes slowly at ordinary 
temperatures, producing NaCl, HCI, and pyruvic acid. It is possible 
that microorganisms may detoxify dalapon by utilization and re- 
moval of the pyruvic acid resulting from hydrolysis of the dalapon, 
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thus speeding up the hydrolysis process. It is also possible that some 
organisms can utilize dalapon directly, thus eliminating the pre- 
requisite of hydrolysis. No attempt was made in this study to specify 
which, if either, of these processes was responsible for the detoxi- 
fication of dalapon. 


SUMMARY 


The response of soybeans grown in sections of soil columns pre- 
viously treated with the equivalent of 24 lb/A of 2,2-dichloropro- 
pionic acid (dalapon) and then leached with 1.5 inches of water, 
indicated a high degree of mobility for the dalapon in several soil 
types. Additions of manure or sand altered the leaching character- 
istics of the soils to a small degree. Added manure decreased and 
added sand increased the mobility of the dalapon. 

Various factors were studied to determine their effect on the de- 
composition rate of dalapon in soil. A bioasay, based on the response 
of germinating millet seedlings, was used to estimate the quantity of 
dalapon remaining in the soils after various intervals of time. 

Data were obtained which indicate that the decomposition of 
dalapon in soils is primarily a function of an undetermined fraction 
of the microbiological population. Other factors influencing the de- 
composition rate were considered to act indirectly by affecting the 
activity of microorganisms in the soil. Low soil moisture, low pH, 
large additions of organic matter, and temperatures below 20 to 25° 
C inhibited the rate of decomposition. The soil type in which the 
highest rate of decomposition was found was a medium silt loam 
soil with low organic matter, that had been field limed to a pH of 
6.5. The same soil type from a nearby unlimed area, still in forest, 
had the slowest decomposition rate of all the soils studied. 
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Translocation of Herbicides in Marabu. 
I. Translocation of 2,4,5-trichlorophenoxyacetic Acid 
Following Application to the Bark or to 
Cut-surfaces of Stumps’ 


J. R. Hay? 


Seen fast growing woody plant known as marabu, (Dichrostachys 
nutans), is native to Africa but it has found a favorable environ- 
ment in Cuba. At present, dense stands of it, 20 feet and more in 
height, cover vast areas of the island, and a great deal of land has 
had to be abandoned on account of it. The ease with which it be- 
comes established in turf or in neglected sugar cane lends excep- 
tional interest to the development of methods of controlling, or, it 
possible of eradicating the plant. 

The customary method of marabu control in pastures, before the 
development of the newer herbicides, was to chop the suckers or 
ratoons with machetes. This gives only temporary relief because an 
outstanding characteristic of this plant is its ability to send up vig- 
orous new shoots from the crown as well as from the horizontal 
and vertical roots. In general, the most effective method of con- 
trolling woody plants with herbicides has been the application of 
esters of 2,4-dichlorophenoxyacetic acid (2,4—D) and 2,4,5-trichlo- 
rochlorophenoxyacetic acid (2,4,5—-T) in diesel oil to the basal areas 
of the stems or stumps, the so-called basal-bark treatments. However, 
as is well known now, although these treatments kill that part of 
the plant above the ground line, many species, including marabu, 
develop new shoots from surviving underground parts. It is evident 
that any really effective method of eradicating perennial plants 
must kill the underground parts capable of regeneration. For this 
reason the downward translocation of a herbicide is of the utmost 
importance. The present research was aimed at obtaining quanti- 
tative data on the amount of downward translocation, ascertaining 
the path of movement, and exploring the extent to which movement 
might be modified by the conditions of treatment. Part I reports 
on the translocation after application of the material to the bark or 
cut-surfaces of stumps, while Part II relates to translocation after 
foliage applications. Some of the work has been briefly described 
in a preliminary paper (6). 

Most of the experimental work so far carried out indicates that 
the initial optimism as to the downward translocation of these 
herbicides was unjustified. Torrey and Thimann (13) painted small 
volumes of high concentrations of various herbicides on the cut- 
surfaces of long stumps of marabu. They concluded that movement 
downward was quite limited in as much as regrowth from the bases 
of the stumps often occurred. This conclusion was further strength- 
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ened on testing extracts of various tissues from treated and un- 
treated plants for 2,4-D. Although their experiments were only 
preliminary, they did not detect any downward movement into the 
roots. 

A similar lack of downward movement has been found when the 
herbicides were applied to the bark of woody plants. Coulter (3) 
applied 2,4,5-T in an oil solution to the bark of dormant white 
oak (Quercus alba). He treated the lower half of some trees, the 
upper half of others, and only the mid-section of still others. In the 
first case, all of the tree above the ground was killed, but in the 
second only the upper (treated) part died. In the last case, killing 
above but not below the treated section was observed. Meador and 
Fisher (9) treated the bark of mesquite (Prosopis juliflora) stems by 
fastening, with oil and water proof tape, bands of cotton which had 
been soaked in the herbicide solution being tested. The solutions 
of 2,4,5-T in oil gave the best kill of the stem above the treated 
area but “there was little evidence of movement below the point 
of application” regardless of the herbicide used. Blair and Glen- 
dening (2) filled “cups” fastened to the bark of dormant mesquite 
trees, with herbicide solutions. Uptake of the material was facili- 
tated by making chisel cuts below the surface of the solution. Ex- 
tensive upward movement and a maximum downward movement 
of 24 inches was reported. 


MATERIALS AND METHODS 


The method used here was essentially the same as that employed 
in the preliminary work by Torrey and Thimann (13). The fate 
of the herbicide was determined by extracting it from 3 to 4 gram 
samples of tissue taken from different parts of the plant after appli- 
cation. The amounts recovered in these extracts were assayed with 
the slit-pea test. These procedures, including the partial purification 
of the extracts, had been worked out in detail using bean seedlings 
and have been presented fully elsewhere (7). With this method, it 
was possible to determine quantitatively the amounts of the herbi- 
cide that moved to different parts of the marabu plant when it was 
applied: (1) to the bark of the stems (basal and mid-section), and 
(2) to the cut-surfaces of stems. The material used was the butoxy- 
ethanol ester of 2,4,5-T. Only the intact 2,4,5-T molecule is de- 
termined by this method since all or almost all of the breakdown 
products are inactive on the slit-pea test. The results reported here 
are either typical of several tests or averages of two or more trials 
as indicated. 

RESULTS 

Application to Bark. In these experiments, solutions of 2,4,5-T 
at concentrations of 8, 16, and 32 Ib per 100 gal of diesel oil (approx. 
10, 20, and 40 gr/liter) were applied to a zone 4 to 6 inches long on 


the bark of intact basal shoots. Enough material was applied (about 
5 cc) so that the bark in that area was thoroughly wetted. Ratoons 
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(i.e. basal shoots) 4 to 6 feet high and 14 to 3% inches in diameter at 
the base were used. Samples of bark and wood for testing were taken 
from the horizontal roots. These samples were about 3 to 4 grams 
fresh weight and were 4 to 5 cm in length. Since surface creepage 
along the stems were extensive when the herbicide was applied in 
oil, bands of absorbent cotton were fastened around the stems with 
oil and water resistant tape to stop spreading, and the samples were 
taken from beyond this point. 

During the wet seasons (April to November) of 1952 and 1953 and 
the dry season (November to April) of 1953-54, 12 trials were made 
wherein the herbicide solution was applied to the basal parts of 
intact ratoons. Analyses of the root samples from just below the 
treated area all showed that no 2,4,5-T could be recovered from 
either the wood or the bark of the roots. These negative results 
were obtained regardless of the concentrations used (8 to 32 Ib/100 
gal) and regardless of whether the analysis was made at 6 hr, 16 hr, 
2, or 13 days after application. The test was capable of detecting as 
little as 1-2 micrograms, or less than one one-thousandth of the 
amount applied (see ref. 7). Furthermore, in 3 other trials no activity 
was detected in the root samples when the solutions were applied 
to the bark of stumps rather than to the bark of intact plants. 
Analysis also showed that the use of water as the carrier was of no 
advantage in this respect. Two further tests wherein the 2,4,5-T 
was applied to the bark of the root itself also showed no downward 
movement. Hence the 2,4,5-T evidently did not move down from 
the stems to the roots following application to the bark. 

Other tests were then made to see if there was a general lack of 
downward movement in the stems (i.e. not just from stem to root) 
when 2,4,5—T was applied to the bark in oil. For this, solutions were 
applied to a band about 6 inches wide located on the stem 2 to 3 
feet above the ground. Slight swellings were found just below the 
treated area several weeks after application; these were similar to 
those previously noted below the treated surface of cut stumps (13). 
These swellings were probably induced by small, non-toxic amounts 
of the synthetic auxin which moved down over long periods of time. 
Otherwise, the response to these treatments was striking in that all 
those parts above the treated area were killed within a very short 
time, while the leaves and the stems below the point of application 
showed no toxic effects. This visual observation suggested strongly 
that the 2,4,5-T was not moving down, but for additional evidence, 
samples of wood and bark were taken from below and above the 
treated area and analyzed for 2,4,5-T. Table | shows results of 3 
tests wherein no downward movement was detected at |, 3 or 7 days. 
These results are typical of 7 different trials run at intervals ranging 
from 6 hours to 14 days after application of the 2,4,5-T. Thus, when 
applications of 2,4,5-T were made to the bark either at the base 
or part way up the stem neither toxic amounts of auxin, nor even 
amounts of auxin detectable by extraction, moved downward from 
the point of application. 
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Table 1. Recovery of 24,5-T when about 32 mg were applied to the mid- 
section of a stem of marabu. Samples were taken from 3 cm above and 
below the treated area, or from within the area. 


Percent of 
amount applied 


2,4,5-T recovered, 
wg per gram 


Time, Sample 
days after 


| 
| 
| 
} 


"- 
application Location Tissue fresh weight 
1 Below bark 0 | 0 
wood 0 0 
Above bark Trace | Trace 
wood | 5 | 0.016 
3 Below bark 0 0 
wood | 0 0 
Above bark | 3 0.009 
wood 12 0.037 
7 Below bark and wood | 0 0 
Above bark and wood ~ 0.025 
Within 5.0 


bark and wood 1530 


Leaves and stems above the treated area of all these bark treat- 
ments were invariably killed, indicating that upward movement had 
taken place. Table 1 indicates the amount of upward movement. 
This upward movement, of course, shows that the auxin did pene- 
trate the bark. In four mid-section treatments, wherein the wood 
and the bark were analyzed separately, the wood contained the 
greatest amount of the herbicide (see Table 1). Thus, although in- 
itially it was the bark that was treated, movement upward took place 
in the wood. The 2,4,5-T found in the bark probably came by 
lateral transport from the wood as shown for indole-acetic acid in 
herbaceous plants by Skoog (11) and for phosphate by Stout and 
Hoagland (12). Apparently, the 2,4,5-T when applied to the bark 
penetrates through the cortex into the wood whence it is carried 
up in the transpiration stream. In this respect, the results agree 
with previous findings with synthetic auxins in herbaceous plants 
where the upward movement is related to the transpiration stream 
and is limited to the wood. 

As was already mentioned, the 2,4,5-T was applied in these trials 
as the butoxyethanol ester. It was of interest, therefore, to test 
whether the auxin recovered above the treated area was in the 
ester or the acid form. Table 2 shows that, when the neutral frac- 
tion (normally discarded) was tested for auxin, no activity was de- 
tected although activity was found in the acid fraction. This indi- 
cates that the 2,4,5-T moving in the plant had been converted to 


Table 2. Recovery of 2,4,5-T in acid and in neutral fractions from samples 
of stem taken from above the treated area when 2,4,5-T was applied 
to the bark. Average of two trials. 


2,4,5-T recovered, we per sample 
“ 
Sample - 


Acid fraction Neutral fraction 


Bark 
Wood 


1.5 
12.0 


0 
0 
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the acid form. Similar tests were made on the samples taken from 
below the treated area, but none was found in either the neutral 
or acid fraction. 

Further indications regarding the amount of 2,4,5—-T transported 
was obtained in the following way. Since it was possible that there 
had been downward movement of small, non-toxic quantities of 
2,4,5-T, lower than the minimum amount detectable in the ex- 
tracts, a more sensitive criterion was desired. For this, the inhi- 
bition of lateral buds, measured as the delay in their elongation, 
was used. The sensitivity of these buds to inhibition by physiological- 
ly non-toxic concentrations of natural and synthetic auxins is well 
known, and 2,4,5-T is highly potent in this ap tee Special care 
was again taken to stop the liquid from running down by fastening 
bands of absorbent cotton on the young ratoons about 6 to 8 inches 
above the ground. Enough 2,4,5—-T in oil (at approx. 8 lb per 100 gal) 
was applied to wet thoroughly 4 inches of the stem above the stopper 
band. The tops of these ratoons were cut off 2 inches below the 
i band after different periods of time. 

The first of these trials was started in the dry season of 1953-54. 
Eighteen days after treatment 100 per cent of the stumps which 
received no chemical treatment showed regrowth (bud development). 
Of those receiving treatment, but of which the tops had been re- 
moved at | and 4 days after treatment, 70 to 80 per cent also showed 
regrowth. When the treated tops were not removed, buds below 
the band displayed no new regrowth, indicating that enough down- 
ward movement was taking place over long periods of time to main- 
tain inhibition of bud development. Thus, in this trial, little or no 
2,4,5-T moved down from bark treatments within 4 days, although 
there was appreciable movement in 18 days if the tops were not 
removed. Other trials in both wet and dry seasons gave the same 
result. 

In summary then; (a) toxic amounts do not move downward, (b) 
detectable amounts could at no time be extracted from below the 
treated area, and (c) not enough 2,4,5-T moved down from the bark 
treatments to inhibit all bud development when the treated part 
was removed one to four days after application. From these facts, 
it can be concluded that the immediate action of 2,4,5-T, as far as 
herbicidal concentrations are concerned, is limited to the area of con- 
tact and the region above to which the material is carried with the 
transpiration stream. 

Because toxicity in the area of contact is a relatively non-specific 
characteristic, tests were made to compare the contact action of 
2,4,5-T in oil with that of the oil alone. Ten stumps of marabu, 10 
inches high and 4 to \% inch in diameter were treated with 10 
drops of 2,4,5-T in oil at 8 Ib per 100 gal and another ten stumps 
with plain oil. Ten drops were enough to wet approximately three 
quarters of one of these small stumps to run-off. After eighteen days 
the oil plus 2,4,5-T had killed, on an average, the top 7.4 inches 
of the stumps whereas oil alone produced no kill although some 
bark was discolored. At 66 days, however, the oil alone had killed 
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me. 


the stumps down 7.5 inches and the mixture down 8.1 inches. 
Essentially similar results were obtained in another trial with 2,4,5— 
T in oil at 4 lb per 100 gal and oil alone. 

Thus, on marabu stems the oil alone had contact toxicity prop- 
erties almost equal to those of 2,4,5—-T in oil, except that the latter 
killed more quickly. Another difference was apparent in that there 
was no regrowth above the ground line on any of the stumps treated 
with 2,4,5-T in oil until 5 months after application, in contrast to 
the stumps treated with plain oil, of which 60% produced new 
shoots on the unkilled portion within 3 weeks. This confirms the 
preceding observation, that when the treated area is not removed 
small inhibitory amounts of the auxin apparently do move down 
over long periods of time. Nevertheless, all the plants, whether 
treated with herbicide plus oil or oil alone, eventually showed bud 
development and the only difference in effectiveness was in the 
rapidity of kill and in the time between treatment and the appear- 
ance of regrowth on the unkilled portion. 

Application to Cut-surfaces. Freshly cut stumps may be killed by 
chemical treatments similar to the basal-bark method for intact 
plants, with the difference that on stumps the material has two 
means of entering, namely, through the bark and through the cut- 
surface. As was shown in the previous section, there was no down- 
ward movement of the herbicide when it was applied only to the 
bark. The tests reported here were made to see if the material would 
move down from cut-surfaces. 

In the first of these trials, 0.4 to 0.5 cc of 20% solutions of 2,4,5—-T 
(ca 80-100 mg of 2,4,5-T) were applied to the freshly cut surfaces 
of stumps about one foot long and about 1% inch in diameter. 
Samples of the wood and bark of the trunk about 3 or 4 gram fresh 
weight and about 4 cm long were tested for 2,4,5—-T. Results of such 
trials showed positive tests for the auxin in the stems well below 
the cut-surfaces, indicating real downward movement (Table 3). A 
similar downward movement of the 2,4,5-T into the roots was de- 
tected when the solution was applied to the cut-surfaces of short 
stumps (Table 4). 


Table 3. Recovery of 2,4.5-T from stems when 80 mg were applied to the 
cut-surfaces of long stumps (1 foot) of marabu. All figures are the average 
of two trials. 














j | } 
Time, days | Distance of sample | Tissue | 24.5-T 2.4.5 T we /gram 
after treatment below cut-surface | ug sample fresh weight 
2 6-9 cm Bark 14 1.2 
| Wood 32 12.0 
3 16-19 em Wood 16 5.3 
5 16-19 cm Wood 28 7.5 
7 16-19 cm Bark 0 0 
Wood 20 5.9 





90 6-9 cm Wood 1 0.5 
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Table 4. Recovery of 2,4,5-T from the wood of roots after about 80 mg 
had been applied to cut-surfaces of short stumps (5 cm) in oil. 








Time, days Date Distance below 2,4,5-T 
after treatment | cut-surface ug /sample 
| | 
5 Sept. 1952 11-14 cm 3 
4 Sept. 1952 15-18 cm 10 
1 | a 1953 12-15 cm ca 40 
1 far 1953 18-22 cm 10 





In Table 3 where the wood and the bark were analyzed separately 
more 2,4,5-T was recovered from the wood than from the bark. 
After 7 days, none was recovered from the bark. Amounts found 
at a given level in the wood, on the other hand, remained high 
for a week. It seems probable, therefore, that the downward move- 
ment took place in the wood with subsequent lateral movement 
to the bark. 

In some preliminary trials, it was noted that Sudan IV in oil and 
safranin in water were taken up readily from cut-surfaces of stems. 
When the root systems of these plants were examined upon exca- 
vation, the dyes were found in the vessels. A similar movement of 
dyes has been reported in the coffee plant (1). This observation 
accounts for the fact that downward movement of the herbicide from 
cut-surfaces took place in the wood. Apparently, the herbicide solu- 
tion travels down as a mass flow in the vessels. 

It is recognized that negative pressures exist in the xylem while 
plants are actively transpiring. Thus, if a solution is applied to a 
cut-surface immediately after cutting it might be expected that some 
would be “sucked” down into the plant. Furthermore, the solution 
would continue to enter until the pressure within the xylem equalled 
the atmospheric pressure. The behavior of the dye when applied 
immediately after cutting was therefore compared with its be- 
havior when applied five minutes later. It was found that the dye 
solution would move down an average of 6 to 8 inches within 14 
minute when applied to a freshly cut stump, but, if 5 minutes were 
allowed to elapse between time of cutting and application, the dye 
moved only about one inch within the first 4 minute. In all the 
tests on the application to cut-surfaces mentioned above, care had 
been taken to make application as soon after cutting as possible. 
It seemed likely, therefore, that the descent of the solutions was 
due, at least partially, to the low pressures in the wood. 


DISCUSSION 


The results from these two methods of application show a general 
parallelism but with some divergences. It is clear that toxic amounts 
of 2,4,5-T did not move down following application to the bark 
even when applied in good volume and in extremely high con- 
centrations, and regardless of whether oil or water was used as the 
carrier. If the treated area was removed, regrowth from the stumps 
or roots appeared almost immediately, but when not removed ap- 
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parently small non-toxic amounts did move down to inhibit de- 
velopment of buds. The shoots that developed from these buds 
appeared to be morphologically normal. In contrast, toxic amounts 
of the auxin did move upward, travelling in the wood and doubtless 
with the transpiration stream. As a result, the part of the plant 
above the lowest point of application was killed whereas the part 
below was not. 

Quite large amounts of 2,4,5-T moved downward from cut-surface 
applications but only in the wood. The evidence suggests that when 
the herbicide solution was applied quickly after cutting it moved 
down through the xylem vessels because of the negative pressures 
existing in the wood at the time the tops were removed. In both 
the basal-bark and the cut-surface methods of application there was 
no movement of detectable amounts of auxin through the phloem 
or cortex and the movement that did occur took place in the non- 
living part of the stem. These data strongly suggest that the mechan- 
ism responsible for active translocation of 2,4,5-T in the stems is 
disrupted by the applied auxin itself. The same conclusion was 
drawn from experiments on transport after foliage application of 
2,4—-D to marabu (4) and in bean seedlings (5, 8). 

Basal-bark applications give complete top-kill and good root-kill 
of marabu with one treatment. The results herein confirm the view 
(10) that the key to success with this method is the application of 
sufhcient material at the ground line to insure that phytotoxic 
quantities run down along the outside of the roots. For complete 
eradication, repetitions of the treatment will kill new shoots, and 
living portions of roots surviving the first treatment. Cut-surface 
treatments of stumps are promising because toxic quantities move 
down within the plant, and because water may be used as the carrier 
instead of oil. However, this method of application is not con- 
venient for large scale operations, because of the difhculty of apply- 
ing sufficient solution on the flat cut-surface to insure extensive 
downward movement. Further work with this method may make it 
more practical. 


SUMMARY 


Direct measurements were made of the amount of 2,4,5-T that 
was transported in a woody plant after it was applied to the bark 
and to cut-surfaces of stumps. A highly sensitive bioassay which had 
been first worked out with seedlings in the laboratory was used. None 
of the herbicide was found to move downward after application to 
the bark, although when applied in oil relatively large amounts 
did penetrate. Some of the material that penetrated in as far as the 
wood was carried upward in the transpiration stream. Large 
amounts moved down when applied to cut-surfaces of stumps. This 
movement occurred in the wood rather than the bark. Phytotoxic 
amounts of these herbicides did not move through living tissues 
of this plant following any of the application methods. The sig- 
nificance of these results to the practical control of marabu is 
discussed. 








226 


Wame 


ACKNOWLEDGMENTS 


The author would like to express his indebtedness to Prof. K. V. 


Thimann for his many helpful suggestions including that of the 
initial approach to the problem and also for his help with the 
preparation of the manuscript. He would also like to acknowledge 
the fine cooperation of Dr. I. D. Clement, Director, Atkins Garden 
and Research Laboratory, Cienfuegos, Cuba, where this work was 
conducted. Financial support as well as cooperation was contributed 
by the Compafiia Azucarera Soledad, S. A., Cienfuegos, Cuba, to 
whom thanks are expressed. Thanks are also expressed to the Ameri- 
can Chemical Paint Co., Ambler, Pa. for the generous supply of 
2,4,5-T they provided for this work. y 


ro 


LITERATURE CITED 


Arnot, C. H. The movementof sap in Coffea arabica L. Am. J. Bot. 16:179- 
190. 1929. 

Biair, O. B., and GLENDENING, G. E. Intake and movement of herbicides 
injected into mesquite. Bot. Gaz. 115:173-179. 1954. 

Coutter, L. L. Two primary factors influencing results in the control of 
oak during dormant period. Proc. North Central Weed Control Conf. 
p- 76. 1951. 

Hay, J. R. Translocation of herbicides in marabu. II Translocation of 
2,4-dichlorophenoxyacetic acid following foliage applications. Weeds (in 
press). 

The effect of 2,4-dichlorophenoxyacetic acid and _ triiodobenzoic 

acid on the transport of indoleacetic acid. Plant Physiol. (in press). 

, and THIMANN, K. V. Translocation of 2,4,5-T in Cuban marabu. 

Proc. Northeastern Weed Control Conf. p. 303. 1953. 





, and . The fate of 2,4-D in bean seedlings. I. Recovery 
of 2,4-D and its breakdown in the plant. Plant Physiol. (in press). 
, and . The fate of 2,4-D in bean seedlings. II. Translo- 





cation. Plant Physiol. (in press). 

Meapors, C. H., JR., and Fisher, C. E. Absorption and translocation of 2,4-D 
and 2,4,5-T when applied to bark of mesquite stems. Res. Report, North 
Central Weed Control Conf. p. 67. 1953. 

Recommendations of Research Committee. Proc. North Central Weed Con- 
trol Conference. p. 66. 1953. 


. Skooc, F. Absorption and translocation of auxin. Am. J. Bot. 25:361-372. 


1938. 

Strout, P. P., and HoacLanp, D. R. Upward and lateral movement of salt 
in certain plants as indicated by radioactive isotopes of P, Na and K ab- 
sorbed by roots. Am. J. Bot. 26:320-324. 1939. 

Torrey, J. G., and THimMann, K. V. Application of herbicides to cut stumps 
of a woody tropical weed. Bot. Gaz. 111:184-192. 1949. 











Some Factors that Affect the Phytotoxicity of 
Water-soluble DNBP' 


D. E. Davis? 


se alkanolamine salts of 2,4-dinitro—o-secondary butyl phenol 
(DNBP) have been used frequently as a pre-emergence herbicide 
in cotton without causing injury. However, under some conditions 
the chemical has severely reduced the stand. This paper presents data 
that show the effects of rainfall, lime, soil type, and temperature on 
the phytotoxicity of dinitro to cotton seedlings. 


PROCEDURE 


Experiments were conducted (1) in outdoor plots that could be 
covered by movable sheds in case of rain, (2) in lysimeters that could 
also be covered, and (3) in the greenhouse in galvanized metal flats 
that could be irrigated from below. No experiment received surface 
watering except where indicated. 

Deltapine 15A cotton was used as the test plant in all experiments. 
Except where noted to the contrary, the soil was a Norfolk sandy 
loam, the planting depth 0.75 inches, and the maximum daily soil 
temperature usually 90°F. or more. In every case a good seedbed 
was prepared, and the seed were planted at the rate of 2 per inch 
of row. This made a total of 240 seed for the outside plots, 76 for 
the greenhouse plots, and 50 for the lysimeters. Immediately after 
planting the seed and compacting the soil, the DNBP was applied 
at a predetermined rate on a 12-inch band. The DNBP was applied 
with a specially designed electrically driven spray rig that travelled 
on a portable track. The spray machine was calibrated before each 
experiment, and the rate of application of DNBP was confirmed by 
laboratory analysis of samples taken in the row. Soil and air tem- 
peratures were taken three times each day except in experiments 
directly concerned with temperature effects. In these experiments 
temperatures were recorded hourly. 

Stand counts were made each day for the first 3 or 4 days after 
emergence and at least twice a week for the next 2 weeks. Three 
kinds of information were collected; the number of plants emerg- 
ing, the number of plants living at the end of the experimental 
period, and the percentage of the emerged plants that died. All 
of the tabular data given are averages from four replications except 
where noted to the contrary. Before analysis, the values for the 
percentages killed were transformed to angles (arcsin \/percentage) 
as proposed by Snedecor (8). 

The first four experiments dealt with the effects of various times 


*The author wishes to express appreciation to E. F. Schultz, Jr., and to the 
late Franklin L. Davis of the Agricultural Experiment Station of the Alabama 
Polytechnic Institute, Auburn, Alabama. This work was supported in part by 
a grant from the Dow Chemical Company, Midland, Michigan. The DNBP was 
Premerge supplied by the Dow Chemical Co. 
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and amounts of simulated rainfall on the phytotoxicity of DNBP. 
The first three were conducted in the outdoor plots and the fourth 
in the lysimeters. The fifth and sixth experiments, also in outdoor 
plots, were studies of the effects of lime and of lime plus simulated 
rainfall. The seventh experiment was a greenhouse experiment in- 
volving the effect of soil type. The eighth and ninth experiments 
were temperature studies conducted in the greenhouse. The tem- 
peratures were elevated by 125 watt and 250 watt infrared lamps. 
One lamp was centered over each flat. The temperatures were con- 
trolled by changing the elevation of the lamps and by shutting them 
off for short intervals. 
RESULTS 

In experiment I, eight rows of cotton were treated with 4.5 pounds 
of DNBP per acre. When the cotton had just commenced to emerge, 
four randomly selected rows received 0.5 inch of simulated rainfall 
from a sprinkling can. In rows that received no water 76% of the 
emerging cotton was killed, while only 39% was killed in those that 
received 0.5 inch of water. Likewise those receiving no water had an 
average of 41 plants surviving per row while those receiving water 
had 81 plants per row. The probability of these results being due 
to chance alone was less than 0.005. 

In experiment 2, 0.5 inch of water was applied 6 hours after 
planting, on the day the cotton emerged, and 3 days after emergence. 
Additional plantings received no water. All watering treatments 
were applied randomly to both DNBP treated and untreated rows. 
Experiment 3 was a duplicate of the second experiment except that 
two more waterings were included. These were 48 and 72 hours after 
planting. The cotton emerged 96 hours after planting. The results 
of these two experiments are combined in Table 

Since the significant interaction between water and DNBP found 
in experiment 2 was not repeated in experiment 3, the results of 
both experiments were combined and reanalyzed. The combined 
analysis showed a significantly higher percentage kill (5 percent 
level) when the water was applied three days after the cotton had 
emerged as compared with other times of application. 

In experiment | it was found that water on the day of emergence 
decreased the percentage kill as compared with no water. The results 
of experiments 1, 2, and 3 were combined and analyzed for this 
comparison. This analysis showed that the percentage kill was sig- 
nificantly reduced (1 per cent level) when water was applied on the 
day of emergence. 

Experiment 4 dealt with the effects of depth of planting and 
amount of simulated rain on toxicity of the compound. Six hours 
after planting, water was applied by means of a sprinkler system. 
Distribution and amounts of the water were checked with rain 
gauges. The results are given in Table 2. 

Experiment 5 was concerned with the effects of time end form 
of application of slaked lime on the toxicity of DNBP. The per acre 
rates used were 6 pounds of DNBP and 50 pounds of lime. ‘he lime 
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Table 1. The efiect of applying 0.5 inch of simulated rain at various times 
on the phytotoxicity of DNBP to cotton seedlings. 


| Seedling response 
DNBP - , 
Ib/A Ave. no Ave. no Ave. pct. 
emerging surviving killed 


Time of water application 
I 


Experiment 2! 


6 hours after planting 0.0 186 178 4 
6 hours after planting 4.5 149 91 38 
Day of emergence 0.0 184 | 174 5 
Day of emergence 4.5 | 154 108 31 
3 days after emergence 0.0 | 179 169 | 5 
3 days after emergence 4.5 | 174 43 | 77 
No water 0.0 | 169 159 | 6 
No water 4.5 | 169 101 41 


Experiment 3? 


6 hours after planting 0.0 | 183 173 6 
6 hours after planting 45 179 117 | 36 
48 hours after planting 0.0 | 192 181 | 6 
48 hours after planting 4.5 | 181 148 18 
72 hours after planting 0.0 191 180 } 6 
72 hours after planting 4.5 | 187 137 | 26 
Day of emergence 0.0 | 193 183 5 
Day of emergence 4.5 190 149 22 
3 days after emergence 0.0 194 | 177 x 
3 days after emergence 4.5 185 104 44 
No water 0.0 186 175 7 
No water 4.5 191 141 26 


‘Probability values) DNBP<0.005, time water applied<0.01, water X DNBP<0.025. 
2Probability value DNBP<0.005, time water applied>0.10, water X DNBP>0.10 


Table 2. The effects of depth of planting and amount of rainfall on 
phytotoxicity of DNBP to cotton § seedlings. 


Number of inches of water 


DNBP Depth of 
Ib/A pranting 0.00 0.25 0.50 1.00 2.00 
inches 7 ' — 
Average number of seedlings emerging! 
0.0 | 0.75 32 27 36 34 | 38 
0.0 1.50 46 40 40 39 } 42 
Oo 075 ota) 4 0 4 13 
0 1.50 27 3 s 24 28 
Probability values: Water level<0.005, DNBP X water level<0.005, depth of planting<0.005, 
depth X DNBP>0 epth X DNBP X water level>0.5 


was applied both as a spray and as a dust | to 2 hours before, | to 2 
hours after, and 3 days after the DNBP application. Additional 
rows received no lime with the DNBP and others received neither 
lime nor DNBP. The results are given in Table 3. 

Experiment 6 was a study of the effect of simulated rainfall on 
the safening action of lime. The lime was applied to the row 1-2 
hours before the DNBP application, and the 0.5 inch of water was 
applied three days after emergence. The lime was applied as a dust, 
and the rainfall was simulated as in experiment 4. The results are 
given in Table 4. 
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Table 3. The effects of various forms and times of application of lime on 
the phytotoxicity of DNBP to cotton seedlings. 

















DNBP Form of lime and time of Seedling response 
Ib/A application with reference |___ sailindiicocssanedesi sae aiaetishctec diate Septet lai hats 
to the DNBP Ave. no. emerging | Ave. no surviving | Ave. pct.! killed 
0.0 none applied 175 158 10 
6.0 none applied 158 45 { 72 
6.0 spray 1-2 hr. before 158 102 36 
6.0 spray 1-2 hr. after 168 116 32 
6.0 spray 3 days after 156 | 117 25 
6.0 ust 1-2 hr. before | 169 124 27 
6.0 dust 1-2 hr. after 159 126 18 
6.0 dust 3 days after | 154 113 27 
| | 








1Probability values: DNBP<0.005, lime<0.005, time of application<0.10, time X form <0.05. 


Table 4. The effects of water and lime on the phytotoxicity 
of DNBP to cotton seedlings. 














Seedling response 
DNBP Water Lime ae didicicininiitie tacintadanaeaveets —— 
Ib/A inches Ib/A Ave. no Ave. no. Ave. pet.! 
emerging surviving killed 

0 0.0 0 170 | 157 7 

0 0.5 0 164 149 9 

0 0.0 100 | 166 154 7 

0 0.5 100 | 160 | 142 11 

6 0.0 100 | 156 101 36 

6 0.5 100 164 | 99 40 

6 0.0 0 151 51 68 

6 0.5 0 156 41 74 











'Probability values: DNBP<0.005, water>0.10, lime X DNBP<0.005, lime X water>7.5, 
lime X DNBP X water>7.5. 


Experiment 7 was designed to determine whether the soil type 
had any effect on the toxicity of DNBP to the cotton seedlings. The 
chemical was applied to a Deer Creek silt loam and a Norfolk sandy 
loam soil at the per acre rates of 6 and 9 pounds. The DNBP was 
then thoroughly mixed with the top 4 inches of soil. Cotton seed 
were planted in the chemically treated soils and in untreated checks. 
The average per cent of plants emerging in the Deer Creek soil were 
75, 75, and 73 on the check, 6, and 9 pound rates, respectively. The 
per cent of plants on the Norfolk were 80, 68, and 3. Analyses of the 
data gave the following probability values: soil <0.005, DNBP 
rates <0.005, and soil x DNBP rates <0.005. 

The chemical properties for the Deer Creek as compared with the 
Norfolk soil were: cation exchange capacity 14.16 vs. 2.51, exchange- 
able calcium 9.62 vs. 1.25, per cent calcium saturation 67.9 vs. 29.8, 
exchangeable potassium 0.425 vs. 0.153, exchangeable sodium 0.326 
vs. 0.182, pH 5.65 vs. 6.00, and per cent organic matter 0.81 vs. 1.14. 
In each case the value for the Deer Creek soil is given first. The 
exchange capacities are expressed in m.e. per 100 g. 

Experiments 8 and 9 were designed to determine whether tem- 
perature had any effect on phytotoxicity and whether infrared lamps 
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could be substituted for the sun in bringing about the temperature 
response. All treatments were kept in the shade until the third day 
after emergence. On that day the plants were subjected to the 
various controlled temperatures. At the end of a 2-day treatment 
period, all plants were again placed in the shade. In experiment 8, 
the effects of temperature elevation by the sun were compared with 
infrared lamps. Experiment 9 was a continuation of the study of the 
effect of heat on phytotoxicity. Three heat levels were achieved in 
the greenhouse by the use of no supplemental heat, heat from 125 
watt infrared bulbs, and heat from 250 watt bulbs. The results of 
experiments 9 and 10 are given in Table 5. The values from ex- 
periment 9 are averages from nine replications. 


Table 5. The effect of various heat levels on a of DNBP 
to cotton seedlings with a comparison of the effects of the sun versus 
infrared lamps as the source of heat. 


—s response 


DNBP Temp. 
Ib/A | Heat source oF — ee 
Ave. no ‘emerging Ave. no - surviving| Ave. pet. killed | 
Experiment 8! 
0.0 | Shade 81 | 70 66 ’ 5 
. Shade 81 67 55 18 
0.0 Sun 93 67 62 8 
| Sun | 93 66 | 34 48 
0.0 250 W. infrared 95 70 68 | 2 
4.5 250 W. infrared 95 | 66 38 | 43 
Experiment 9? 
0.0 Shade 84 68 65 4 
5 Shade 4 66 55 18 
0.0 | 125 W. infrared 90 66 | 65 1 
4.5 | 125 W. infrared 90 | 63 | 44 30 
0.0 | 250 W. infrared 96 65 64 2 
4.5 | 250 W. infrared 96 | 66 21 69 
| 








1Probability values: DNBP<0.005, shade vs. other<0.005, DNBP X heat<0.025, DNBP X kind 


of heat>0.5 
2Probability values: DNBP<0.005, heat levels<0.005, DNBP X heat<0.005. 


DISCUSSION 


Results of field trial with pre-emergence type chemicals have been 
characterized by a great deal of variability. Some of the causes for 
variable results with DNBP were shown in these experiments. The 
time when rain occurs, amount that falls, soil type, amount of free 
lime, and temperature all affected the phytotoxicity of DNBP. 
Furthermore, interactions were shown to exist between some of 
these factors. 

This variability in phytotoxicity involved two separate modes of 
action. The first resulted in decreased numbers of seedlings emerg- 
ing. This was caused by the killing of the germinating cotton seed 
by a high concentration of DNBP in the seed zone. Davis et al. (4) 
found that large amounts of DNBP can be moved into the seed 
zone by the leaching action of rain. Decreased emergence induced 
by rain would be expected to occur only if: the leaching occurred 
before the seed had germinated; the leaching was enough to move 
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the DNBP down to, but not beyond, the seed zone and there was 
sufficient concentration of DNBP on the surface to bring the con- 
centration in the seed zone to a toxic level. These conditions were 
found only in experiment 4. The water was applied too late in 
experiments 1, and 6 to leach the chemical down around the seed 
before it germinated. In experiment 2, water applied 6 hours after 

lanting reduced germination, but this reduction was not repeated 
in experiment 3 (Table 1). It was assumed that not enough chemical 
could be leached from the relatively small amount on the surface 
to consistently depress the germination of the cotton. Consequently, 
the per acre rate of application of DNBP was raised from 4.5 pounds 
to 9.0 pounds in experiment 4. When 9 pounds of DNBP was used, 
even 0.25 inch of rain 6 hours after planting greatly reduced 
emergence (Table 2). 

Much of the variability in phytotoxicity of DNBP to cotton has 
been attributed to variations in soil type. Consequently, two widely 
different soil types were compared in experiment 7. The Deer Creek 
silt loam was imported from a field in Mississippi where very little 
DNBP injury had been observed, and the Norfolk sandy loam was 
a local soil type on which injury had been produced repeatedly. 
The DNBP was thoroughly mixed with the top 4 inches of soil to 
insure that the germinating seed were actually in contact with a 
known concentration of DNBP. The greatest difference was present 
at the 9-pound rate where 75% emerged in the Deer Creek soil and 
only 3% in the Norfolk. No attempt was made to correlate this 
difference with any one of the soil characteristics. 

The second mode of action involves killing the cotton, by DNBP 
vapor, after it has emerged. This type of action is a much greater 
hazard in the field than the first. Various aspects of killing by DNBP 
vapor have been discussed by other workers (1, 2, 3, 5, 6, 7, 9). Hol- 
lingsworth (5) has shown that cotton is only slightly susceptible to 
this kind of injury on the day of emergence, that it reaches a peak 
of susceptibility 5 to 8 days after emergence, and that it then be- 
comes again less susceptible. Here again, rainfall plays an important 
role both in the increase and in the decrease of injury by DNBP 
vapor. One would expect that, if rain fell after the cotton had 
germinated but before it had reached the time of high susceptibility 
to vapor injury, the hazard would be decreased by lowering the 
concentration of DNBP on the surface. This was confirmed in ex- 
periments 1, 2, and 3. In each of these experiments, rain on the day 
of emergence decreased the percentage of emergent cotton that was 
killed. The reduction was significant only in experiment 1, but com- 
bined analysis of the three experiments showed that there was less 
than one chance in one hundred that this repeated reduction was 
due to chance alone. No doubt, larger amounts of rainfall would 
have made this action more obvious. Furthermore, one would expect 
that a light shower accompanied by high temperatures during the 
period of high susceptibility to injury would increase the hazard, 
since more chemical will volatilize from a moist than from a dry 
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soil surface (3). Combined analysis of experiments 2 and 3 showed 
this increase to be significant at the 5 per cent level. 

In experiment 5, lime dust and spray were used in an attempt to 
decrease vapor injury. Analysis of variance (Table 3) showed a highly 
significant reduction in percentage kill after emergence when 50 
pounds of lime per acre were used with the relatively high per acre 
rate of 6 pounds of DNBP. The time of application of the lime, 
from just before treatment with DNBP until 5 days after treatment, 
did not have a significant effect on this reduction in toxicity. Hol- 
lingsworth (5) has observed a similar decrease in vapor injury by 
the use of lime. Since earlier experiments showed that a maximum 
hazard was associated with rain 3 or 4 days after emergence, rain 
was used at this time in experiment 6. The data in Table 4 show 
that the lime was very effective in reducing the toxicity with or 
without rain. 

Other workers (2, 5) have demonstrated that the volatility of 
DNBP is affected by temperature. Experiments 8 and 9 were an 
attempt to show that the laboratory observations of greater vola- 
tility at higher temperatures could be extrapolated to greater kill 
in the field at higher temperatures. Experiment 8 was designed to 
show that temperature effects on phytotoxicity that were produced 
by the sun were similar to those induced by infrared heating lamps. 
Analysis of the data showed that, while there was a highly sig- 
nificant effect of increased temperature, the source of the increase 
was not significant (Table 5). 

From the results of experiment 8, it seemed reasonable to assume 
that infrared lamps could be substituted for the sun as a source 
of heat in studies of the effect of temperature on phytotoxicity. 
Experiment 9 was designed to measure these effects. This experi- 
ment showed that under those particular conditions some injury 
occurred at an average daytime temperature of 84° F. and that the 
amount of injury increased rapidly to nearly 70% kill at 96° F. 
There appears to be a rather narrow temperature range over which 
a very large difference in phytotoxicity will result. 


SUMMARY 


The phytotoxicity of dinitro—o-secondary butyl phenol to cotton 
was investigated under various environmental conditions. 

1. Rain, a few hours after planting, may leach sufficient DNBP 
down around the seed to reduce germination, but this occurred only 
when relatively high rates of DNBP were used. Rain, after germina- 
tion and before the cotton is well out of the soil, may leach some 
DNBP from the surface and decrease the kill of emergent plants by 
vapor burn. Rain, 3 or 4 days after emergence, may increase vapor 
activity and kill. The above statements were true for 0.5 inch of 
simulated rain, but they would not necessarily be true for a very 
light or very heavy rain. 

2. Slaked lime, applied at 50 pounds per acre either as a dust or a 
spray any time prior to cotton emergence, significantly reduced the 
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kill of cotton after emergence. This reduction was not decreased by 
0.5 inch of rain 3 or 4 days after emergence. 


3. DNBP was less toxic to cotton planted in Deer Creek silt loam 


soils than in Norfolk sandy loam. 


4. A relatively small increase in temperature from 84 to 96° F. 


increased the percentage of plants killed from 18 to 69, respectively. 


no 


~I 


so = 
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Aquatic Weed Control Practice in Potable 
Water Supply Reservoirs 


Witutram K. Weicut' 


INTRODUCTION 


QUATIC weed control in storage reservoirs and conveyance systems 
A of certain domestic water supply systems is a challenging prob- 
lem to the waterworks engineer. The problem concerns not merely 
the control or elimination of aquatic growths. It involves water 
quality factors which may be inconsequential in other phases of 
aquatic weed control, but are of major importance in drinking 
water supplies. Where adequate treatment facilities are available, 
water quality factors are subject to control. However, many do- 
mestic water supply systems lack treatment facilities, and the effect 
on water quality by the use of any materials in the supply must be 
subjected to critical review. 

California cities with limited local water supplies have had to 
develop distant sources of water supply, and transport those sup- 
plies through extensive conduits to local storage reservoirs to satisfy 
their water demands. The City of San Francisco has developed a 
source of supply on the west slope of the Sierras 200 miles distant 
from its consumer area. Los Angeles has developed a similar source 
of supply on the east slope of the Sierras 350 miles distant. The 
Metropolitan Water District of Southern California imports water 
from the Colorado River and distributes it to the forty-five member 
cities of the district through a conveyance system 457 miles long. 

These three major water supply systems in California have similar 
reservoir and conduit systems with typical operational problems. 
Both the San Francisco supply and the Los Angeles supply are ob- 
tained from the winter snow crop of the Sierras. The supplies are 
collected in impounding reservoirs and transported to local dis- 
tribution reservoirs under such conditions as to preclude any possi- 
bility of gross pollution and to protect the original high quality 
of the supply. Except for softening treatment of a portion of the 
Metropolitan Water District supply, normal treatment of these three 
supplies is limited to chlorination for bacterial control and copper 
sulphate treatment for algal control. 

The growth of aquatic weeds in the reservoirs and conduits of 
untreated domestic water supply systems produces problems in the 
maintenance of water quality and the operation of the system. Weed 
growths in the conveyance system reduce capacities to critical limits 
where increasing demands are already taxing those capacities. Weed 
growths in the reservoirs cause numerous problems. The presence 
of aquatic weeds produce an unsightly appearance from an esthetic 
standpoint. They form a harborage for many forms of insect life 
which occasionally find access to the distribution system to the con- 
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sternation of the consumer. As a food supply, aquatic weeds attract 
waterfowl which contribute a heavy organic pollutional load to the 
supply. More serious effects develop when the plants die off. The 
large masses of dead material settling to the bottom of the reservoirs 
produce from their own components or by bacterial action, decom- 
position products adversely affecting water quality. Sloughing ma- 
terial from weed growths, floating to the shore, becomes a possible 
source of fly breeding and odors. This floating material can also 
clog screens on the outlet tower, or passing the screens, clog ap- 
purtenances such as meters and regulators in the distribution system, 
and in addition become a source of consumer complaints. 

Aquatic weed control has always been a serious problem to the 
waterworks industry. In 1935, Arnold (2) presented the general 
methods of weed control practice at that time. His concluding state- 
ment was: “The subject of weed control is one of interest to water- 
works men and is worthy of further study and experimentation.” 
Over twenty years have passed without any material change in 
aquatic weed control practice in the domestic water supply industry. 

Although there has been intense activity in the development of 
chemical herbicides which have found extensive application in the 
industrial and agricultural fields, little progress has been noted in 
the control of aquatic weeds in untreated domestic water supply 
systems. Mechanical means are still the most predominant method 
of aquatic weed control. Various methods are used to remove growths 
when they reach a stage that they become an operational nuisance. 
Weeds along the shallow areas of reservoirs may be removed by 
lowering the water level and exposing the growths to the air. Then 
the weeds may be raked, disced under, or burned with a flame 
thrower after being sprayed with oil. Another method employs the 
use of underwater mowers or a cable to cut off the growth after 
which the weeds must be removed manually. Other variations of 
mechanical control are employed which are only expensive, labori- 
ous, palliative measures accomplishing little in eliminating or 
adequately controlling aquatic growths. 

Many chemical products are available that affect aquatic weeds, 
such as the arsenicals, chlorinated hydrocarbons, and numerous 
patented commercial products. These products have found applica- 
tion in the control of various aquatics in many fields. Their appli- 
cation to the problems of the domestic water supply industry, how- 
ever, is limited by many restrictions. Arsenicals requiring from 3 
to 10 parts per million dosages for effective control greatly exceed 
the drinking water standards of the United States Public Health 
Service of 0.05 parts per million for arsenic. Products such as the 
chlorinated hydrocarbons produce tastes and odors which cannot 
be eliminated where water treatment facilities are not available. 
Other products showing promise may have to pass the requirements 
of the Food and Drug Administration for toxicity before finding 
application in the waterworks industry. The economic aspects and 
availability of supply have to be considered, particularly with the 
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introduction of new products with limited production. Finally, 
public reaction to the use of certain materials often has a strong 
influence on their application. 

The Department of Water and Power of the City of Los Angeles 
has had a persistent problem in the control of aquatic weeds in the 
reservoirs and conduits of its water supply system. There are 26 
open reservoirs in the system ranging in capacity from 10 to 183,000 
acre-feet storage, and located in elevation between 378 feet and 
7,130 feet above sea level. Various types and quantities of aquatic 
vegetation are found in these many reservoirs. However, only a few 
species have caused any serious problems due to excessive growths. 
Cladophora frequently develops along the shorelines of the reservoirs 
and in the open conduits. It readily responds to light treatments of 
copper sulfate and is not a serious problem when promptly treated. 
Myriophyllum is also found in some of the smaller reservoirs. On 
one occasion an excessive growth of Myriophyllum developed in one 
reservoir, but the problem was eliminated by reconstruction of the 
reservoir before any investigation could be made in regard to control 
measures. It has persisted in another reservoir in limited amounts 
throughout the growing season despite a continuous chlorine resid- 
ual of 0.15 part per million. 

The most critical problem in aquatic weed control in the reser- 
voirs of the Department's system are pondweeds, particularly Poto- 
mogeton panorimitanus and Zanichellia palustris. The records show 
that pondweed growths have always been an obstinate operational 
and water quality problem to operators of the Department's reser- 
voir facilities. Many theories were propounded as to the cause of 
excessive growths, and ideas presented for the solution of the prob- 
lem without any progress in effective control. 


METHODS AND RESULTS 


In 1948 the Water Quality Section of the Sanitary Engineering 
Division began investigating the possibility of controlling pondweed 
growths with copper sulfate. Copper sulfate pentahydrate (CuSO, 
5H,O) containing 25 per cent metallic copper has been the principal 
algicide of the waterworks industry. The concentration of copper 
produced in water under normal treatments will not begin to ap- 
proach the limit of 3 parts per million set by the United States 
Public Health Service standards. Experience in algae treatment 
showed that intermittent treatments under 0.5 parts per million 
normally used were ineffective on pondweed growths. Further ex- 
periments showed that intermittent treatment as high as 100 parts 
per million on monthly, bimonthly, or trimonthly schedules were 
also ineffective. The method of treatment in the second case was to 
scatter large crystals of copper sulfate among the plants growing 
coves. These crystals, dropping to the bottom of the reservoir, would 
produce a strong concentration of copper sulfate around the base 
of the plants. Although some effect on the plants was noted, growths 
of pondweed up to 12 feet long were found at the end of the season, 
and the method was judged ineffective. 
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The next experiment was to study the effects of continuous treat- 
ment of growths with copper sulfate. On the basis of experience as 
found in the literature, the program would have been readily dis- 
couraged. The American Water Works Association manual (1) 
states: “With respect to copper sulfate, it may be pointed out that 
when that chemical is left free in water, it reacts with calcium bi- 
carbonate to form calcium sulfate and basic copper carbonate. The 
basic copper carbonate may then be decomposed into copper hydrate 
and carbonic acid. Both the carbonate and the hydrate have very low 
solubilities; and in a hard water the carbonate may be almost in- 
stantly precipitated, the subsequent decomposition into the hydrate 
requiring a longer period. 

“Insoluble copper carbonate is precipitated from the water to 
which it is applied—immediately in the case of most waters; more 
slowly, but still long before delivery, in a very soft water.” 

The first investigation on the effect of constant treatment of pond- 
weed with copper sulfate was at Girard Reservoir. This is an oval- 
shaped reservoir of 40 acre feet capacity. It has asphalt side paving 
and a dirt bottom 20 feet deep, and acts as a balancing reservoir 
with little discharge of its storage. Pondweed growths in Girard 
Reservoir were always prolific. After cleaning and refilling in July, 
1948, the reservoir was experimentally treated with 4.0 ppm of cop- 
per sulfate. Periodic re-treatments manitained this dosage until 
September when they were stopped. By the end of the year, the cop- 
per sulfate residual had dropped to 0.5 ppm. In May, 1949, heavy 
growths again were found in the reservoir, indicating that the copper 
sulfate did not have a lethal effect in destroying the growths. In a 
second experiment beginning in May of 1949, a residual of copper 
sulfate between 0.8 and 1.0 ppm was maintained until October, 
1952. The initial growth was stopped and dropped to the bottom of 
the reservoir, where it became coated with a zoogloeal slime. No 
further growths developed. During this treatment of 314 years, ap- 
proximately 1000 pounds of copper sulfate were used at a cost of 
about $100 for the chemical. 

In conjunction with the second experiment at Girard Reservoir, 
copper sulfate treatment on a continuous basis was started at Lower 
Franklin Reservoir. Lower Franklin Reservoir is a distribution res- 
ervoir of 1030 acre-feet capacity with an average depth of 32 feet, 
and a theoretical retention time of about six days. Pondweed growths 
were present in dense patches in the coves and at the shallow inlet. 
A copper sulfate residual between 0.8 and 1.0 ppm during the 
period from April to October of 1949 was successful in holding 
growth to less than 12 inches. 

The successful application of continuous copper sulfate treatment 
for pondweed control is now a routine program of the Sanitary 
Engineering Division of the Department of Water and Power. A 
solution feed unit has been established at Dry Canyon Reservoir. 
This is a regulating reservoir through which about 75 per cent of the 
total supply of the City of Los Angeles passes. The flow of about 
472 second feet is treated with a dosage of 0.9 to 1.0 ppm of copper 
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sulfate at the beginning of the growing season, reduced to 0.8 ppm 
about July I, and later dropped to 0.6 ppm about the middle of 
August. Treatment is generally stopped early in October. The be- 
ginning of treatment is based on the finding of field biologists who 
keep a constant check on the biological conditions of their assigned 
reservoirs. Treatment at Dry Canyon Reservoir requires about one 
ton of copper sulfate a day at an approximate cost of $221 per day 
for chemicals. During the 1955 season, from May to October, 135 
tons of copper sulfate were used at a total cost of about $30,000. 

Since the beginning of treatment at Dry Canyon Reservoir, other 
benefits from the treatment have been noted in addition to the 
control of pondweed in the reservoir under treatment. The copper 
residual in the supply has been carried through a series of reservoirs 
having a total retention time up to 70 days. The copper in the supply 
was still effective in controlling pondweeds in the lower reservoirs, 
although there was some decrease in the concentration of the copper 
residual. During the period when copper was being fed at Dry 
Canyon Reservoir, the growth of certain algae was noticeably less 
in the lower reservoirs, which eliminated reservoir treatments pre- 
viously required. A third effect has been the elimination of earthy, 
musty tastes and odors that were characteristic of the supply in the 
late summer. 

Unfortunately, continuous copper sulfate treatment is not a 
panacea for aquatic weed control. It has been a solution to the 
principal weed problem in the Department's reservoir system, but 
it is noted that rushes, tules, and cattails have shown no apparent 
effect from the copper sulfate treatment. Furthermore, there was 
an increase in surface growths of blue-green algae which do not 
respond to copper sulfate treatment. 

The copper sulfate treatment has had different effects on the fauna 
of the reservoir. Many carp and suckers were destroyed at Dry Can- 
yon Reservoir at the beginning of the operation, but some large carp 
survived through two seasons. Bass and bluegill have survived treat- 
ment in Girard and Dry Canyon Reservoirs for several seasons, but 
there was a decrease in the fish population of all reservoirs receiving 
treated water. The evidence indicates that they will not propagate 
in the reservoirs under treatment. At the beginning of treatment at 
Dry Canyon Reservoir, a large number of paper shelled mussels 
(Anadonta) were also destroyed, causing a temporary taste and odor 
condition. It is felt that trout would not survive the copper sulfate 
treatment. Experience has shown that the presence of fish in the 
reservoirs is of little use in the control of insect life which originate 
at that source. 

Although the loss of fish may be an important factor in the opera- 
tion of certain lakes, it is of minor significance in the Department's 
reservoirs. Due to lack of complete treatment facilities, recreational 
use of the Department’s facilities is restricted to the more remote 
reservoirs located at the source of the supply in the Sierras, in 
accordance with the policy of the California State Department of 
Public Health. 
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CONCLUSIONS 


The water supply industry has a unique weed control problem, 
particularly those organizations which lack complete water treat- 
ment facilities since their product has critical limitations with re- 
spect to tastes, odors, and toxic elements. Mechanical methods, which 
are still the most predominant method of control, are unsatisfactory 
due to expense and ineffectiveness. The Department of Water and 
Power of the City of Los Angeles through the activities of the Sani- 
tary Engineering Division has found a solution to the control of 
pondweeds in its reservoirs by the use of continuous solution feed 
of copper sulfate in small concentrations. Since this method is not 
a complete answer to the problem of weed control in domestic 
water supply reservoirs, it is felt that there it a great opportunity 
for the development of satisfactory chemical products which will 
meet the industry’s requirements of taste, odor, toxicity, and 
economy. 
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Studies of Factors Affecting the Control of Chamise 
(Adenostoma fasciculatum) with Herbicides 


O. A. LEONARD! 


HE way in which 2,4—-D (2,4-dichlorophenoxyacetic acid) is most 
effectively used for controlling chamise is markedly different from 
that normally employed on woody plants. Old eee are difficult to 
kill, but young regrowth following cutting or burning is especially 
sensitive. The purpose of the present paper is to describe what is 
currently known (as obtained from hand sprayed plots) about the 
chemical control of chamise, and some of the factors that appear to 
be involved. Aircraft results will be published in a separate report. 
Chamise (Adenostoma fasciculatum H. & A.) is one of the most 
common shrubs of the California chaparral. It occurs in both the 
Coast Ranges and the foothills of the Sierra Nevada, becoming most 
common in Southern California. Although chamise may occur in 
nearly pure stands, it is generally associated with various species 
of manzanita (Arctostaphylos), Ceanothus, scrub oak (Quercus du- 
mosa Nutt.), and other woody plants. There are approximately 
7,000,000 acres in California upon which chamise is the most com- 
mon constituent of the chaparral. 

Chamise is a diffusely branched evergreen shrub which grows to 
a height of 2 to 10 feet. The linear leaves are fascicled and are 4 
to 4 inch long, except on sprouts and seedlings, on which they are 
somewhat larger and are commonly lobed. The flowering period is 
from February to July. 

After a fire, chamise sprouts from a burl at the base of the stem 
producing a large number of individual sprouts, which form a dense 
localized canopy of foliage. The soil between the sprouting chamise 
plants is normally almost bare the first year after a fire, except for 
numerous brush seedlings including chamise which generally are 
present. Most of the brush seeds germinate the winter and spring 
following a burn and only a few will germinate later. 

Chamise is capable of growing on poor soils and in areas subject 
to periods of one or more years of very low rainfall. It is often 
present on steep, rocky soils, and on soils of low fertility (such as 
serpentine soils) and is common in southern California; however, 
chamise does occur on soils of moderate depth and fertility that make 
a satisfactory range when cleared and seeded. 

It may be desirable to control chamise for a number of reasons. 
Chamise covered areas are almost free of grass (Figure 1) and the 
canopy produced by this plant is not adequate to prevent consid- 
erable soil erosion; consequently, these areas do not have a chance 
to develop a better soil, since it is constantly being washed away. 
After a fire, erosion is even more severe and may result in consid. 
erable damage due to silting in reservoirs particularly in southern 
California. A grass cover is much better than chamise for holding 
the soil against erosion, both before and after a fire. It is not possible 
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Figure 1. The effect of chamise growth following a fire on the natural estab- 
lishment of resident annual grasses. The plot in the background was sprayed 
with 2,4-D two and one-half years after the area was burned and the picture 
was taken one and one-half years later. Note the absence of grass on the 
unsprayed plot in the foreground, where chamise is present 





to maintain a good grass cover in the face of uncontrolled chamise 
growth on a burned chaparral area (Figure 2), as Juhren, Pole and 
O’Keefe (4) have noted. Stands of annual and especially perennial 
grasses are more easily established following a burn where the 
sprouting brush plants are controlled and this has significance in 





Figure 2. Effect of chamise growth on a grass stand. The plot on the right was 
sprayed with 2,4-D two years after the area had been burned and seeded to 
Hardinggrass and smilo. Photo was taken four years after the area had been 
burned and seeded. 
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the establishment of a satisfactory range. In water-deficient areas 
the substitution of a grass cover in the place of a brush cover re- 
duces the total net transpiration on the area and, thus, makes more 
water available in springs and wells. For the above, and perhaps 
other reasons, control or eradication of chamise on certain areas 
is desirable. 

The main emphasis of the work reported in this paper is on the 
chemical control of chamise sprouts following a burn, rather than 
on the control of unburned chamise, for the following reasons: (1) 
there has not yet been a single satisfactory kill of old unburned 
chamise by aircraft application, (2) where mature chamise has been 
killed by ground application, seeding has been unsuccessful. Recent 
results in this laboratory? indicate that chamise duff and leaves 
contain water soluble inhibitors which suppress the germination 
of grass seeds. (3) Sprouting chamise and brush seedlings are readily 
controlled by sprays, especially by ground equipment, and (4) grasses 
and legumes can be established successfully following a burn, espe- 
cially by seeding in the ashes. 

Although the present report is concerned mainly with chamise 
sprout and seedling control, other species also are involved. For- 
tunately, the seedlings of all species are largely controlled by spray- 
ing the first year or two after a burn; however, not all sprouting 
species are controlled by broadcast sprays and some must be killed 
using an individual plant treatment, to completely convert brush 
to grass. Naveh (12) in a recent report recommends that certain 
woody species in Israel should be controlled with sprays after burn- 
ing. Evidently, spraying of brush in combination with burning 
should receive greater attention. 


METHODS 


Most of the tests to be reported were conducted on burned areas 
(Figure 1). It was first necessary to break off the dead stems so that 
the plots could be sprayed using a boom. In some cases, the chamise 
was crushed with a bulldozer before burning, which simplified the 
procedure of spraying. The sprays were applied using a knapsack 
sprayer which was equipped with a 3-nozzle boom and a 40-inch 
band was sprayed. Three 8001 Teejet tips were used on the boom, 
and the volume of application was approximately 20 gallons per 
acre; this was accomplished by using pressures of about 30 pounds 
and walking approximately 2 miles per hour. In actual practice, 
however, it was impossible to have more than approximate pre- 
cision, because of uneven terrain, rocks, stumps, sticks, etc. Most 
of the plots were 20 feet wide and 50 feet long so as to include an 
adequate sample of sprouts. Plots were in duplicate unless other- 
wise specified. 

Numerous chemicals were used in these tests over a 6 year period; 
they will be referred to in the tests where these were used; however, 


*Unpublished results of Morris Ingle. 
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in most of the tests to be reported 2,4—D was used. Methods other 
than those described above will be mentioned in the separate tests. 


RESULTS 


Effect of spraying branch tips. Branch tips (10 per treatment) of 
mature chamise plants were sprayed with water emulsions contain- 
ing 0.5 and 1.0 percent acid equivalent of several alkyl and heavy 
ether esters of 2,4—D and 2,4,5-T (2,4,5-trichlorophenoxyacetic acid) 
on July 19, 1950. A tag was attached to the branch at the lower 
end of the portion that was sprayed. Observations made over a year 
later indicated that the part of the branch tips that had been sprayed 
died in about 30 percent of the cases, but that no death occurred 
on the unsprayed portions of the branches. Evidently, effective 
herbicidal translocation downward did not occur in these tests. 

Results from spraying tests indicated that chamise was most sensi- 
tive to 2,4-D during the winter and spring months, a period when 
soil moisture is normally high. Consequently, some branch tips of 
mature chamise were sprayed with water emulsions in March of 
1953 using 0.5 percent acid equivalent of a low volatile ester and 
an emulsive acid formulation of 2,4—D. Observations 15 months later 
indicated that the portions of the branch tips that had been sprayed 
were the only parts that were dead. The new growth on the un- 
sprayed portion of a branch directly below the sprayed part of the 
branch was not vigorous, suggesting some suppression due to the 
translocated 2,4—D; nevertheless, herbicidal quantities of 2,4-D were 
not translocated. 

Results with radio active 2,4-D* indicated that the translocation 
of this compound was quite limited in the chamise plant. The 2,4— 
D* did not migrate into burls from applications made to stems one 
foot from the burls, but did migrate into the burls when applied to 
the basal portions of the stems. Lateral movement in the burls was 
not evident. 

Age of sprouts. Age of the sprouts has been an important factor 
influencing the kill of chamise plants with 2,4—D, especially by air- 
craft application. More spray is deposited close to the burls on the 
younger (shorter) sprouts than on the older sprouts; this is impor- 
tant, since herbicidal translocation of 2,4-D within the chamise 
plant appears to be limited. 

Age of the sprouts is not as important a factor influencing kill 
of chamise plants when the applications are made with a knapsack 
sprayer equipped with a spray boom, as when the applications are 
made by aircraft. More complete coverage of the entire plant is 
probably a factor favoring the kills obtained with ground equip- 
ment. Although excellent kills of chamise plants have been obtained 
2 and 3 years after a burn with 2 pounds of 2,4-D per acre, some 
rather poor kills have, also, been encountered. It is believed that 
the poor kills have been associated with unsatisfactory soil moisture 
or plant moisture, conditions brought about by the increased trans- 
piration of these plants resulting from the greater total leaf surface. 
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Moisture within the shoots from recently burned chamise is higher 
than in similar but older shoots, as judged by the degree of suc- 
culence. Chamise with young shoots has been readily killed with 
2,4-D when sprayed at the proper time, as will be noted later. 

Differences in sensitivity to 2,4—D of shoots of different ages is 
most marked when extremes in age are compared, as may be noted 
in Table 1. The recently burned chamise plants were far easier to 
kill with 2,4—D than were the plants that had not been burned for 
12 years. 


Table 1. The sensitivity of chamise plants to aqueous sprays of the isopropyl! 
ester of 2,4-D 10 months and 12 years after a burn. Sprays were applied 
June 20-25, using a total volume of 40 gal/A. 


2.4-D Chamise plant kill 


Ibs/A . " 

10 months after a burn—pct 12 vears after a burn—pct 
10 0 
37 0 


98 12 


Seth 


Effect of age on sensitivity of new sprouts. It was thought that 
after a burn chamise plants might be killed by spraying before 
the sprouts had appeared above the surface of the soil. In the first 
experiment, chamise burned in September was sprayed in November 
when only 10 percent of the burls had sprouts that were visible. 
The rate of application was 8 pounds of 2,4—D per acre. Only a few 
of the chamise plants were killed by this treatment. 

In a later test, chamise was burned in August and sprays were 
applied the following spring on 4 different dates. At the time of 
spraying the height of the sprouts was measured on the different 
burls. Data from this experiment are shown in Table 2. The treat- 
ment consisted of 2 pounds of 2,4—D (propylene glycol butyl ether 
ester) applied in 1 gallon Diesel oil and 1814 gallons of water per 
acre, except on the last 3 dates when 3814 gallons of water were used. 
The results show that it is possible to spray too soon after a burn 
for a good kill. Sprouts did not develop simultaneously on all sides 
of a burl and it was necessary to have most of the potential sprouting 
sites developed into sprouts at the time of spraying. When this was 
accomplished, the sprayed sprouts all died and most of the new 
sprouts developing later, died within a few months, evidently from 
the translocated 2,4—D present in the burl. 

It is possible to delay spraying too long for a good kill to result: 
however, the poorer kill is related to a lower soil moisture at the 
season of application. Later in the year when the rainy season has 
started, the chamise plants again become sensitive to 2,4—D; however, 
they probably never again will be quite as sensitive as they were 
on the June 4 date of application. This is especially true for air- 
craft application, but is true to some extent for applications made 
with a knapsack sprayer equipped with a boom. Seedlings were 
controlled, except during the summer period when moisture was low. 
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Table 2. Kill of chamise plants by 2,4—-D sprays applied at different times 
of the year, following an August burn made the previous year. 




















Date Soil Chemical kill—pcet.! Pct. burls with sprouts of maximum heights in inches 

treated | moisture |——\——_—— ,—_-_—__|— ~ - — — 
Sprouts Seedlings |No sprouts 0-3 3-6 | 69 | 9-12 

Aug. 4 high 57+42 100 32 63 5 o | 0 
Apr.16| high 7244 100 | 27 12 32 20 | Oo 
May 12] high 85+2 100 24 4 22 34 16 
June4 | medium 99 +0 100 = |_—s(22 2 19 | 36 21 
Aug. 10 low 2345 80 | | - 
Nov. 10 medium | 66245 | 100 | | | 











‘Chemical kill is based on the i that were evidently killed as a result of spraying. Kill was 


determined eighteen months after the last treatment was applied. Fire kill (assumed to be 22 percent) 
was not included in this calculation 


2Average and difference in kill between duplicate plots 


Effect of season of application on 2-year-old sprouts. The purpose 
of the following study was to determine the effect of season of appli- 
cation on the sensitivity of 2-year-old sprouts to 2,4-D. The brush 
was crushed by a bulldozer in the summer of 1950 and burned in 
October. Immediately after burning, the area was seeded by air- 
plane to Hardinggrass (Phalaris tuberosa), smilo (Oryzopsis mili- 
acea), and tall fescue (Festuca arundinacea). The most important 
effect of the seeded grasses was to compete successfully against many 
of the brush seedlings. 

Plots having dimensions of 20 by 50 feet were laid off and treated 
in duplicate on different dates during 1952. Data on these are pre- 
sented in Table 3. Marked changes in sensitivity of the chamise 
plant to 2,4—D are evident; these appear to be related mainly to 
changes in soil moisture. Chamise plants were sensitive to 2,4—D in 
February before there was any appreciable shoot growth. Shoot 
growth was most rapid between April 15 and June I, after which 
growth was reduced as the soil moisture became depleted. Coupled 
with the reduction in soil moisture was a marked decrease in sensi- 
tivity of the chamise plant to the 2,4—D sprays. Although the data 
reported were obtained 18 months after the last treatment was 
applied, readings 3 years after treatment were still about the same. 

Aircraft sprays on 2-year-old chamise sprouts have resulted in kills 
ranging from 0 to 50 percent, using 2 pounds of 2,4—-D per acre. 


Table 3. Effect of date of application on the kill of 2-year-old chamise 
sprouts with 2,4-D (PGBE ester). Two pounds of 2,4-D were used per 
acre in 2 gallons of Diesel oil and 3714 gallons water. Readings were 
obtained 18 months after the last date of application. 








| 
| Plant kill—pct 
Date applied Shoot growth Soil moisture = 2 7 

| Sprouts Seedlings 
Feb. 25. none high 90 +2! 100 
Mar. 28... : slight high | 88 +2 100 
Apr. 17 active | high | 100 100 
May 16.. active medium | 78+4 | 99 
July 14 slight | low | 5+1 slight 
Sept. 18 | slight low 0 slight 





1Average and difference in kill between duplicate plots. 
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Effect of formulation. Early in these studies it was found that 
there were marked differences in the effectiveness of different formu- 
lations of 2,4-D and 2,4,5-T for controlling chamise sprouts. The 
isopropyl ester repeatedly failed to be as active against chamise as 
were the butoxy ethanol esters and the mixed propylene glycol 
butyl ether esters (PGBE ester) (7). The polyethylene glycol 200 and 
600 mono esters usually gave good control of chamise sprouts when 
the applications were made with a knapsack sprayer during periods 
when chamise was susceptible; however, these esters failed to give 
more than a slight kill when applied by aircraft. 

Some data (recorded 2 years after treatment) showing the effective- 
ness of ester, amine and suspended acid formulations are presented 
in Table 4. The esters were considerably superior to both the amine 
and suspended acid formulations on chamise. The effectiveness of 
esters applied as oil emulsion is demonstrated in this table. 


Table 4. The effect of 24—D and 2,4,5-T ester (PGBE), amine, and suspended 
acid formulations on the kill of 2-year-old chamise sprouts. Applications 
were made in November using 40 gallons of total spray per acre. 


| Pounds Sprout kill—pct 
Chemical formulation Diluent acid per aie eS 
aces 2,4-D 2,4,5-T 
Ester Water 2 9 7 
Water | 4 19 29 
Water } x 72 70 
Water 16 96 98 
25 pet. Diesel/water emulsion | 2 66 44 
Amine Water | 2 0 0 
Water | 4 0 0 
Water | 8 12 7 
Water 16 61 12 
Acid, suspended 25 pct. Diesel /water emulsion 2 0 0 
4 0 0 
8 21 0 
16 64 47 


Effect of chemical. The effects of 2,4-D and 2,4,5-T have been 
compared in many different tests on sprouting chamise. With hand 
sprayed plots, there often has been no big difference between the 
two chemicals in their effectiveness; however, it has been noted 
that under conditions when chamise is in an especially sensitive 
state, 2,4—-D is considerably superior to 2,4,5-T (Table 5). The effec- 
tiveness of 2,4-D appears to vary considerably more than that of 
2.4,5-T and at times there appears to be an advantage to using a 
mixture of the 2 chemicals; this appears to be especially true on 
older bushes, and when soil moisture is not optimum. 

MCPA (2-methyl—4—-chlorophenoxyacetic acid) was must less ef- 
fective than either 2,4-D or 2,4,5-T on chamise. The ester and 
amine forms of 2—(2,4—DP)! and 2-(2,4,5-TP)* were compared with 
2,4-D and 2,4,5-T in several tests, with comparatively poor kills 


12(2,4-dichlorophenoxy)propionic acid 
*2(2,4,5-trichlorophenoxy)propionic acid 
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Table 5. Effect of 2,4-D and 2,4,5-T esters and combinations on the control 
of chamise sprouts. Applications were made using 2 pounds of acid equiva- 
lent in 2 gallons of a non-toxic oil and enough water to make 40 gallons 
solution per acre. Applied in April on 14-year-old sprouts. 








Chamise sprout kill—pct. 
Formulation Viens linet tinediasiaarantio 











2,4-D 2,4,5-T 2,4-D +2,4,5-T 
Ns dine eit dc civenecs 100 52 97 
Propylene glycol butyl ether ester... ..... 99 } 50 90 
Polyethylene glycol mono-ester'.......... 100 | 13 97 





12,4-D—P.G. 200 ester 
2,4,5-T—P.G. 300 ester 


resulting; however, by adjusting the concentration or poundage of 
application, either of these chemicals can be used to kill chamise. 

The following chemicals were relatively ineffective on chamise: 
amino triazole at 8 lb/A on one-year-old sprouts, maleic hydrazide 
at 4 lb/A on 114-year-old sprouts, sodium trichloroacetate at 40 lb/A 
on 2-year-old sprouts and dichloral urea at 20 lb/A on 2-year-old 
sprouts. CMU (3-(p-chlorophenyl)—1,1—dimethyl urea) was effective 
at 40 pounds per acre in killing all of the chamise sprouts, but the 
area has remained free of grass for more than 8 years. 

Influence of oil and type of oil. The addition of some oil to the 
spray mixture has aided in killing chamise sprouts with 2,4—D but 
the benefit has been variable, being greatest in the summer and 
fall. Results are not presented here (although an example may be 
found in Table 4) but some earlier data have already been published 
(6, 7). 

Since it was amply demonstrated that some oil in the spray mix- 
ture had a pronounced influence on the effectiveness of 2,4—-D on 
the chamise plant, it was necessary to determine the properties 
of the oil that would be most desirable. In the first experiment 
(Table 6) the spray mixture consisted of (for 1 acre) 2 pounds of 
2,4—D, 2 gallons of oil, enough water to make 40 gallons. Plant kill 
decreased as the viscosity of the oil increased. There is no sugges- 
tion that the effectiveness of 2,4—D was lessened by the use of Diesel 
oil, even though its U.R. (unsulfonatable residue) was probably 
lower. One factor that may have influenced the kill was the poorer 
emulsification obtained with the high viscosity and high U.R. oils. 


Table 6. Effect of different oils on the effectiveness of 2,4-D (PGBE ester) 
in killing chamise plants having 114-year-old sprouts.” 























: Viscosity SUS Distillation a il— 
OS and at 100° F characteristics van. Poamn SE —got 
Diesel oil... . . . owe 38 10% at 436°F _ 95 
90% at 630°F 
Shell Mineral Seal... .... 46 Start at 497°F 90 93 
End at 650°F 
Shell Tank Mix no. 1.... 61 65-100% at 636°F 90 84 
Shell Tank Mix no. 5 | 101 13-20% at 636°F 94 73 





1Oils supplied by the Shell Agricultural Laboratory. 
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The results in this table suggest that the oils should not have a 
viscosity higher than 46 (Shell Mineral Seal) for best kills. 

The next experiment was conducted to study oils having lower 
viscosities than those used in the first test. As in the first experiment, 
the rate of application of 2,4—D (PGBE ester) was 2 pounds per acre. 
The quantity of oil used was decreased to | gallon with enough 
water added to make the spray application equal to 20 gallons per 
acre. The results from this test (Table 7) indicate that the greatest 
sprout kill resuited from the use of an oil having a viscosity of 40. 
Mineral spirits was by far the least effective of the oils studied. 
Considering the results from the 2 experiments, oils used with 2,4—D 
for controlling chamise should have a viscosity between 36 and 46 
for best results; oils outside of this viscosity range should be avoided. 


Table 7. Effect of different oils on the effectiveness of 2,4-D (PGBE ester) 
in killing chamise plants having 4-year-old sprouts.* 





Plant kill 











UR Viscosity Boiling range 
ane pet. | SUS at 100°F | oF pet. 
Mineral spirits 99 | — 347-394 4835? 
Bayol D 99 32 400-505 76+4 
RDA 182 95 36 408-609 | 8244 
Mentor 28 91 | 40 420-655 8743 
Diesel. . — | 38 —_— | 83323 


| 
| | 





‘Oils supplied by the Esso Laboratories. 
2Average and difference between duplicate plots 


Effect of burning, spraying, and reburning. Three-year old 
chamise sprouts were sprayed with PGBE esters of 2,4—D, 2,4,5-T, 
2-(2,4-DP), and 2-(2,4,5-TP) in April. A wild-fire swept through 
the plots in August which burned the plot area but died out shortly 
beyond its boundaries. Most of the plots were burned completely, 
especially those that had sprays which were sufficiently effective to 
kill most of the chamise sprouts (the 4 and 8 pound per acre rates 
of all chemicals and the 2 pound rate of 2,4,5-T). The plots that 
received the 2 pound per acre applications, especially with 2—(2,4— 
DP) and 2-(2,4,5-TP, had many chamise plants that had already 
developed succulent new shoots at the time of the wild-fire. These 
plots did not burn as completely as did those that had received a 
greater quantity of chemical per acre. 

The results in Table 8 (recorded 18 months after spraying) indi- 
cate that burning was highly effective in bringing about a kill of the 
sprayed plants. The reburn did not result in the death of any of 
the chamise plants which had not been sprayed; however, certain 
differences did exist between the sprayed and unsprayed plots. The 
fire was probably hotter on the sprayed plots than on the unsprayed 
plots because shoots had been desiccated by the sprays; in addition 
to this, dormancy of the buds had been broken after the spraying 
and these buds had developed into shoots which were killed by the 
fire. The fuel supplied by grass did not contribute much to the 
burn, since there was only about 100 pounds of dry grass per acre 
on the plots. 
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Table 8. Kill of 3-year-old chamise sprouts as a result of spraying 
(in April) and burning (in August). 








Chamise plant kill—pct. 


Chemical used Acid equivalent 7 


per acre—Ibs. Burned after ‘ 
spraying Not burned 

2,4-D. | 2 93 33 

4 100 
2-(2,4-DP)..... | 2 55 10 

4 95 - 

2-(2,4,5-TP). . | 2 82 10 

| a 89 - 
Untreated... - 0 0 

| 





In other experiments, it has been found that burning chamise 
the next year after spraying has been completely ineffective in im- 
proving the kill of chamise over burning alone. 

The effect of burning the same year as spraying appears (1) to 
have made a good burn possible and (2) to have resulted in a high 
degree of chamise plant kill with 2 pounds of 2,4—D per acre and a 
fair kill with 2 pounds of the propionic acid compounds. 


DISCUSSION AND CONCLUSIONS 


Chemicals such as 2,4-D must be absorbed and translocated in 
order to be effective in the control of perennial plants. Leonard and 
Crafts (11) indicate that the speed with which 2,4—D is moved is 
influenced by the season of application but that in most cases rate 
of movement is not critical in determining effectiveness. Quanti- 
tatively, translocation of 2,4—-D varies from species to species. Among 
the species studied the greatest longitudinal movement occurred in 
willow (Salix sp.) and coyote brush (Baccharis pilularis), and the 
least in interior live oak (Quercus wislizenit). The first two species 
are easily killed with 2,4-D and the latter species is killed with 
difficulty. The distribution of radio-activity suggests that 2,4-D 
is being tied up in the live oak phloem to a much greater extent 
than in willow and coyote brush. Recent data by Fang, Johnson 
and Butts (3) show that some of the 2,4—D applied to bean plants 
becomes associated with a protein fraction. Brian and Rideal (1) 
using a Langmuir trough technique consider that the differences 
in sensitivity of broadleafs and grasses to MCPA is due to the fact 
that MCPA becomes chemically bound with materials in grasses 
and, therefore, is not physiologically active. 

Although chamise appears to be extremely sensitive to 2,4—D 
under some conditions, translocation appears to be limited. The 
2,4-D is probably quickly bound to some plant constituents and is 
not free to move very far from the point of application. The extreme 
seasonal changes in sensitivity suggest that the binding also varies 
with the season being most marked when the plants are structurally 
and chemically well differentiated. Seasonal changes in sensitivity 
and nutritional balance are undoubtedly related to other factors, 
such as maturation of tissues. 
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Young seedlings or young sprouts from recently cut or burned 
plants are quite easily killed with 2,4—D (8). The leaves are much 
larger than the leaves on older sprouts and seedlings and seem to 
absorb and move more of the applied 2,4—-D. The new shoots all 
develop from a restricted vertical portion of the burl; thus, vertical 
translocation does not have to be extensive in order to kill all of 
the tissues which might produce sprouts. The main problem appears 
to be associated with limited lateral translocation of 2,4—-D in the 
burls. 

On shoots that are short, the sprays are of necessity applied to 
leaves which are close to the attachment of the stems to the burls; 
this favors the movement of the applied materials into the burls, 
and may result in a high percentage of the plants being killed. This 
happens when some sprouts are present from all of the potential 
sprouting areas on the burls at the time of spraying and when there 
is sufficient soil moisture for active growth. Under these conditions, 
new shoots which develop after spraying, may die within a few 
months. 

The time when spraying is done in the spring, following a fall 
burn, is important in determining plant kill, and appears to be 
related to some of the factors already discussed. Sprouts do not 
develop from all areas of a burl simultaneously, so when sprays are 
applied too early, sprouts emerging later from some other area of 
the burl may survive, since the lateral movement of 2,4—D appears 
to be limited. After the burls have developed sprouts from all of the 
areas which might sprout, the next factor that dominates plant kill 
with 2,4—D is soil moisture. As soil moisture becomes reduced, the 
plants become less sensitive to 2,4-D. The rate at which water is 
lost from the soil is influenced by the total quantity of vegetation 
present on the site. 

The reason that it is possible to kill chamise plants having young, 
actively growing sprouts appears to be that chamise leaves are not 
rapidly injured by the contact action of 2,4—-D. This may allow the 
plant ample time to shift the direction of movement downward, 
after the physiology of the shoots has been altered sufficiently by 
the treatment. Furthermore altered biochemistry in the shoots 
brought about by the 2,4-D may, through catabolic reactions, re- 
lease the “bound” 2,4—D for translocation into the burls. With plants 
having leaves that are quickly injured by the contact action of 2,4—D, 
such as poison oak, spraying the very young shoots has not been 
satisfactory. 

On chamise plants having sprouts that are 2 years old and older, 
the major factor influencing kill with 2,4—D is soil moisture. Chamise 
is normally sensitive throughout the winter and spring months, 
when rainfall is plentiful. It becomes increasingly difficult to kill 
with the progress of summer. With the advent of the fall rains, the 
plants become sensitive again and this is not related to appreciable 
shoot growth. Similar observations on a marked increase in sensi- 
tivity of live oak and blue oak to 2,4—-D in the late fall has already 
been reported (2), (9), (10). 
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The addition of some oil to the spray mixture improves the kill 
(6), (7), (8); however, the importance of oil varies with the season, 
being most essential during dry periods. The type of oil most suited 
is of a parafhin type, but the small amount of aromatics normally 
present in Diesel oil does not appear to be detrimental. Oils having 
low viscosities, such as mineral spirits, appear to be less satisfactory 
than oils that are somewhat more viscous. Leonard and Harris (5) 
have shown that parafin hydrocarbons decrease in plant toxocity 
as the number of carbon atoms per molecule is increased from ten 
to fourteen, but the toxicity of the latter (tetradecane) is still ap- 
preciable, and corresponds somewhat to kerosene (viscosity 32). 
Perhaps, it is necessary to have oils of greater viscosity than kero- 
sene in order to reduce the injurious effect of the oil itself on the 
plant tissues. In these studies, an oil having a viscosity of about 40 
appeared to be most satisfactory as an additive to esters of 2,4—-D. 
Limited spreading of the more viscous oils probably reduces their 
effectiveness. Evidently, the best oil represents a compromise be- 
tween the injury produced by the oil itself and viscosity as this 
relates to spreading and penetration. 

At times when oil is most essential as an additive to hormone 
sprays for killing chamise, 2,4,5-T shows some advantage over 2,4—D. 
It is considered that 2,4,5—-T penetrates bark better than 2,4—D and 
oil helps to increase the penetration of both chemicals through 
bark. When the major entry of chemical is through the leaves, the 
favored chemical is considered to be 2,4—D. 

Burning chamise within the year of spraying appears to result 
in a marked increase in the percentage of the plants killed, especially 
when the sprays by themselves are not very effective (such as the 2 
pound per acre rates of 2,4—-D, 2-(2,4-DP), and 2-(2,4,5-TP) in 
this experiment). Burning killed the new sprouts that developed 
after the older sprouts were killed by the spray. The combination of 
spraying and burning was highly effective in killing chamise when 
both operations were performed within a few months of each other; 
however, the beneficial effect of the combination has not been ob- 
served when the burning has been delayed for a year or more after 
spraying. Burning alone does not appear to be effective in killing 
many chamise plants, except when combined with heavy browsing 
by deer or other animals. 


SUMMARY 


1. Branch tips of chamise failed to die beyond the point where 
they were sprayed. These findings indicate that the translocation 
of herbicidal quantities of 2,4—D and 2,4,5—T is limited. 

2. Chamise plants were readily killed with 2,4—D by spraying the 
young sprouts in the spring, following a fall burn. Spraying too soon 
before all of the potential sprouting portions of the burl had de- 
veloped sprouts, resulted in many plants not being killed. Delaying 
the spraying until after the soil moisture was greately reduced, also, 
resulted in a poor kill. 

3. Soil moisture appeared to be the main factor influencing the 
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kill of two-year-old sprouts with 2,4—D, providing the plants were 
well covered by the spray. Poor coverage, especially around the basal 
portions of the stems, is considered to be the main reason for the 
lack of success in killing 2-year-old and older chamise by aircraft 
application. Excellent kills have generally been obtained using a 
knapsack sprayer equipped with a boom, with application rates of 
20 to 40 gallons per acre. 

4. Some oil added to the spray mixture generally markedly im- 
proves the kill. The type of oil that is best appears to be a high U.R. 
oil that has a viscosity of about 40. The aromatics present in Diesel 
oil i“ not appear to be appreciably detrimental. 

When chamise is actively growing, 2,4—D is the most effective 
herbicide. when soil moisture is low, 2,4,5—-T appears to be slightly 
superior to 2,4—D on chamise. The propylene glycol butyl ether ester 
and the butoxy ethanol ester were by far more effective than the 
isopropyl ester, the amines, and acid formulations on chamise. 

6. Seedlings of chamise are quite sensitive to 2,4—D and have been 
completely eliminated by a single broadcast application of 2 pounds 
per acre of 2,4—D, applied either the first or the second year after a 
burn. Seedlings of all brush species have been killed by the above 
application made the first year after a burn. Some seedlings emerge 
after the spraying and these may survive. 

A reburn in August following a chemical treatment in April 
resulted in a high degree of kill of chamise plants. The chemicals 
2-(2,4—-DP) and 2-(2,4,5-TP) were relatively ineffective in killing 
chamise, except when combined with the reburn. Reburns made two 
or more years after spraying have not been effective in appreciably 
increasing the plant kill over spraying alone. The spraying dried the 
plants enough to make a reburn possible on an area where grass 
was sparse. 
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The Crop Toxicity Period of CMU in a 
Sandy Clay Loam Soil’ 


L. L. DANIELSON? 


HE present report marks the completion of a 24-month study. 

The early phases have been described in brief in a progress 
report (3). Data contained in the earlier report are included in the 
present discussion to make the entire experimental record available 
as a unit. 

The experimental study described here was organized to provide 
basic information on the effect of various rates of application of 
CMU (3-(p-—chlorophenyl)—1,1—dimethyl urea) on certain vegetable 
crop plants and to determine the duration of the phytotoxic period 
characteristic of these rates in a representative Virginia soil type. 

Results given here also demonstrate a very effective method of 
studying herbicidal activity by the use of drainage tile set on end 
in the field. This method affords the advantages of observation of 
effects under known field climatic conditions and avoids certain 
disadvantages of field trials such as horizontal treatment displace- 
ment due to rainfall, and those due to soil variations in texture, 
organic matter content, and contour. 


REVIEW OF LITERATURE 


Entrance of CMU through the roots of plants was demonstrated 
by Bucha and Todd (1) and the resulting toxicity symptoms were 
described. Research reported from various sections of the United 
States (2, 10, 11, 12, 13, 14) has shown quite clearly that inactivation 
of CMU is most rapid in soils of high clay and organic matter con- 
tent. It has been demonstrated (3, 5, 7, 9) that rainfall or irrigation 
does not appreciably affect the movement of CMU down through 
the soil. Studies of the effect of temperature level on persistance of 
CMU in the soil (7, 11) have indicated that the rate of dissipation 
increases with temperature. It has been suggested (4, 6, 9) that tilth 
and granular structure may affect initial penetration of CMU into 
the soil and its subsequent activity with respect to both crops and 
weeds. A comprehensive study (8) of factors affecting the toxicity 
period of CMU in the soil and the mechanisms involved in de- 
toxification indicate that soil residue problems should not result 
from small annual applications of this chemical. Photo decompo- 
sition is also suggested as an important factor in detoxification of 
CMU as a result of this study. 

These investigations form a background for consideration of the 
results obtained in the present study where basic and practical 
interests were combined. 


‘Contribution from the Plant Physiology Department, Virginia Truck Exp. 
Sta., Norfolk, Virginia. Paper No. 122, Journal Series, approved for publication 
July 28, 1955. 

*Plant Physiologist. 
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EXPERIMENTAL PROCEDURE 


Preparation of Experimental Containers. Initial preparations for 
the experiment were made in the following manner. Glazed drain- 
age tiles 30 inches long and 15 inches in diameter were utilized for 
the experiment. These had been up-ended and set into holes in a 
field plot so that the upper ends were 3 to 4 inches above the sur- 
rounding soil as shown in Figure 1. These were filled with a uniform 
mixture of soil by screening sufficient soil at one time to fill all of 
the tiles. The soil was packed, with the exception of the top 6 inches, 
as it was filled into each tile. The tiles were filled to approximately 
4 inches from the top. A sandy, clay loam soil having a pH of 5.6 
and classified as a Craven (Mattapex) soil was used. This is a moder- 
ately well-drained soil with silt and clay predominating and con- 
taining some gravel. Organic matter content was 2.21 percent. 





Figure 1. Experimental area showing placement and general arrangement of 
the tiles. 


Method and Rate of CMU Application. In June, 1952, at the be- 
ginning of the experiment, rates of 0.5, 1, 2, 3, 4, 5, 10, 15, 20, 25, 
and 50 pounds of actual chemical per acre were applied by suspend- 
ing the amount for each tile in | liter of water and distributing 
it over the surface of the soil. This was allowed to dry for one week 
and the top 5 inches of soil in each tile was then thoroughly mixed 
to distribute the chemical evenly in this layer. In 1953 pre-emergence 
applications of 0.5 to 5 pounds per acre were made as a surface 
application in 100 grams of 300 mesh pyrophyllite per tile in the 
respective tiles treated with these rates in 1952. Treatments of the 
series from 10 to 50 pounds were not repeated. In 1954 pre-emer- 
gence applications of 0.5 to 5 pounds per acre were made as a surface 
spray application in one pint of water per tile in the respective 
tiles treated with these rates in 1952 and 1953. Treatments of the 
series from 10 to 50 pounds were not repeated. 

Method of Planting. 10 seeds each of sweet corn and snap beans 
and 25 of spinach and kale were planted at a uniform depth of one 
inch at monthly intervals for 3 months following treatment in 1952. 
Plantings made in 1953 and 1954 were limited to sweet corn and 
snap beans. The soil was thoroughly mixed to a depth of 5 inches 
immediately before each planting to simulate deep disking or shal- 
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low plowing. Aristogold sweet corn, Top Crop snap beans, Old Do- 
minion Blight Resistant spinach, and Vates Dwarf Blue Scotch kale 
were used. A randomized block design of 5 replications irrigated 
and 5 replications unirrigated was used. Irrigated plots received one 
inch of water per week throughout the experimental period from 
June to October in 1952. In 1953 and 1954, irrigation was limited to 
the growing period of the crops used. 

Climatic Data. Rainfall was recorded in the experimental area 
for the 24-month period. Thermographic records of air temperature 
were made for the entire period and degree hours above 0° F. were 
calculated. The temperature record is given in detail in terms of 
degree-hours in order to present an accurate, cumulative record of 
the temperature factor. Stee temperatures from daily extremes 
do not provide this information on an accurate basis. Since tem- 
perature is an extremely important factor affecting rate of chemical 
reactions, isolated field experiments involving physical and chemical 
reactions can only be coordinated if the most accurate method of 
reporting climatic data is used in every case. It is the opinion of 
this author that this may be one of the important means of ex- 
plaining the apparent contradictions which occur in data from one 
season to another or one part of the country to another. The cli- 
matological records are presented in Table 1. 


Table 1. Climatological records for 1952, 1953 and 1954. 




















Treatment and Cumulative Cumulative | Cumulative temperature— 
planting dates rainfall—inches | irrigation— inches| degree hrs. /1000 
1952, June 6. | 0 0 | 0 
1952, July 11... | 3.23 3 66.8 
1952, August 12 | 7.43 7 128.6 
1952, September 11 10.58 11 184.0 
1953, June 23 45.68 | 5 §55.1 
1953, July 16. 48.82 19 597.5 
1954, June 10 92.21 19 1017.0 
2 1069.2 


1954, July 9 } 97.45 


Method of Determining Plant Response to Treatment. Emergence 
stand counts were followed by final stand counts when plants were 
rem ved from the tiles approximately 4 weeks after planting. Plants 
were severed at the ground line at this time for fresh weight de- 
terminations on the tops. The data presented here show the effect of 
treatment with CMU on the early vegetative growth of the crops 
used. Treatment dates were June 6-9, 1952; June 23, 1953, and 
June 10, 1954. Planting dates were July 11, 1952; August 12, 1952; 
September 11, 1952; June 23, 1953, and June 10, 1954. Harvest 
dates were August 5, 1952; September 8, 1952; October 9, 1952; July 
16, 1953, and July 9, 1954. 


RESULTS 


1952—Results of the trials using sweet corn, snap beans, spinach 
and kale in 1952 are presented in Tables 2, 3, 4 and 5. Rates of up 
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to 5 pounds per acre worked into the top 5 inches of soil were dis- 
sipated sufficiently in 3 months to allow normal early vegetative 
growth of these crops. Snap beans appeared to be more tolerant of 
CMU than did sweet corn. Spinach se so to have a greater 
tolerance of CMU than kale. Similar applications of 10 to 50 pounds 
were still quite toxic after 3 months. 

On the basis of these observations, the presentation and discus- 
sion of results are divided into 2 parts considering rates of up to 5 
pounds of CMU per acre as short term treatments, Tables 2, 3, and 
4, and rates of 10 pounds and above as long term treatments, 
Table 5. 
1953—Results of the 1953 low rate application trials planted in 
June are given in Tables 2 and 3. As indicated in the experimental 
procedure, the acre rates up to 5 pounds were repeated immediately 
after planting at this time. These applications, made in dry form 
in pyrophyllite and allowed to remain on the soil surface, produced 
injury in both the corn and beans at rates above 0.5 pound. Severe 
injury was noted in the rates from 2 to 5 pounds in these crops. 


Table 2. Effect of low rates of application of CMU on emergence 
and growth of sweet corn. 












































1952 1953 | 1954 
CMU — |_———_—___—_—_—_———_|——__—_- 
Ib/A! Elapsed time—treatment to planting eatin | Oeeemeemee— 
[1 mo. | 2 mo. | 3 mo. dry snectibeatan | spray application 
Av. stand per tile 
pe Pr 8.0 8.8 | 8.5 | 9.0 9.2 
0+wW 7.6 9.8 9.6 9.2 | 8.8 
0.5.. 8.2 8.6 84 Ci 8.0 94 
0.5+W 9.0 9.8 9.6 | 8.8 10.0 
ae 6.6 9.6 8.6 | 8.4 9.6 
1+ W 8.4 9.8 8.8 94 9.8 
es 7.8 9.4 8.8 8.6 9.4 
2+W 8.4 9.4 8.6 | 7.6 9.4 
Siew 44 9.6 9.4 3.6 9.2 
i Bee 7.6 8.4 9.4 | 6.0 9.2 
Pate 1.8 8.4 8.0 1.6 | 9.6 
4+W 7.0 9.6 9.4 3.0 9.6 
dan ie we we 3.4 9.0 9.0 3.6 9.4 
Ly 3.4 9.0 9.6 4.6 10.0 
—s = a a a 
L.S.D. 5%. 1.8 1.9 1.8 | 3.4 N.S 
_, Pe 2.4 2.5 2.4 2.6 N.S 
Av. fresh wt. of tops—gms. 
0. ry 26.5 19.1 4.7 28.1 24.5 
0o+W.. 33.9 17.7 5.8 | 27.7 26.0 
ML Chi soc 26.9 21.6 — « 24.9 28.0 
0.5 + W 41.5 17.6 6.2 36.9 31.9 
te ite Sim we yi 20.1 17.3 3.9 21.8 19.9 
ee 24.9 17.9 6.4 21.5 29.8 
a i 22.8 15.4 4.5 10.7 20.3 
es «tas an 28.4 18.1 6.2 9.0 27.4 
oe 19.0 16.2 5.7 3.5 25.3 
3+W 17.6 17.6 6.4 6.4 23.1 
Daetda tades aus 2.8 7.3 5.5 2.6 15.1 
4+W 8.4 12.5 7.1 5.7 21.5 
<7) Serene 6.8 8.5 5.7 1.8 15.8 
5+W 5.5 5.7 4.2 3.9 19.2 
L.6.D. $%..... 9.7 5.2 1.4 6.1 6.4 
1%. 12.7 6.9 1.9 4.6 ® 











*W” indicates irrigation in addition to rainfall. 
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The initial applications of acre rates of 10 to ret oe s.r Table 
5, mixed into the top 5 inches of soil in 1952 were dissipated after 
12 months as indicated by growth of sweet corn and snap beans 
planted in June 1953. The initial applications of 25 to 50 pounds 
per acre were still very toxic after 12 months. 

1954—Results of the 1954 trials planted in June are given in Tables 
2, 3, and 5. In these plantings, the acre rates of 0.5 to 5 pounds were 
applied immediately after planting as a spray which was allowed to 
remain on the soil surface. The tiles treated in 1952 with rates of 
10 to 50 pounds were planted with sweet corn and snap beans but 
were not treated again at this time in order to determine the resid- 
ual effect of the original treatment after 24 months. 


Table 3. Effect of low rates of application of CMU on emergence 
and growth of snap beans. 




















| 1952 1953 | 1954 

CMU | ——- $$. $$ | |] 

i ¥ — 
sata Sages tems pate se + aoe Pre-emergence— Pre-emergence— 
® aia repre a | dry application | spray application 
Av. stand per tile 
0. ~ 7.8 7.0 | 8.0 7.2 
0+W.. 6.2 8.0 76) COI 8.8 9.2 
0.5 5.8 7.8 7.4 8.0 8.0 
0.5 + W | 6.4 | 8.4 8.6 | 8.6 9.6 
ae 4.0 8.4 7.0 | 7.6 9.0 
1+W 7.6 7.8 9.0 8.4 9.6 
5.2 7.0 6.4 6.0 7.8 
2+W 7.2 8.4 6.6 6.6 9.0 
® 4.0 8.4 8.8 2.0 9.4 
34+ W 6.2 7.6 | 8.8 2.6 9.2 
4.. 4.6 8.0 | 7.6 1.2 9.0 
4+W 5.4 8.2 7.2 2.8 8.2 
a 5.0 | 7.0 | 7.8 08 90 
5+W 3.6 78 | 7.2 0.6 7.6 
L.S.D. 5% 22 «(Cl 2.1 | 4.9 7 N.S 
1% 3.0 2.8 6.5 2.8 N.S 
Av. fresh wt. of tops—gms 

0. 4.3 14.1 7.6 13.7 13.6 
0+W 6.4 12.0 6.8 11.5 12.7 
0.5.. 4.4 10.3 8.8 14.6 13.8 
0.5 +W 5.6 7.9 8.8 13.4 14.9 
2.6 11.2 6.9 | 9.1 | 9.8 
1+W 7.3 11.3 8.3 22.8 14.5 
2 5.0 | 10.2 7.9 6.2 11.9 
2+ W.. 7.2 12.3 9.2 15.7 15.7 
oe 3.3 11.5 9.0 8.0 11.9 
3+W. 6.7 | 10.4 9.1 5.6 12.2 
4. 3.1 9.0 9.0 6.2 9.3 
4+wW. 5.1 12.9 10.9 4.5 11.6 
5. 4.0 7.0 8.2 0.7 9.1 
5+W 5.2 | 8.1 6.3 3.7 11.4 
L.S.D. 5%..... 2.2 3.4 2.4 2.6 3.2 
, ae 2.9 4.6 3.1 2.0 4.2 








“W” indicates irrigation in addition to rainfall. 
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Table 4. Effect of low rates of application of CMU on emergence 
and growth of kale and spinach in 1952 trials. 
! 
Kale | Spinach 
CMU Serene eens . pia ‘ i 
Ib/A! Elapsed time—treatment to planting | Elapsed time—treatment to planting 
2 mo. | 3 mo. 2 mo 3 mo. 
Pee eT ae Pee eee eae] ORE etree ns es 
Av. stand per tile 

0 ‘ 10.0 11.8 6.8 8.2 
S iW... 14.4 10.2 5.8 7.0 
i. 11.4 11.4 7.4 | 5.4 
05+W... .| 10.0 9.2 4.2 | 7.2 
aie ait 12.2 8.8 6.8 | 9.6 
1+W.. 12.6 7.8 6.8 | 12.6 
35, 7.0 13.0 4.6 12.6 
2+W 10.2 9.0 48 | 6.4 
3 its 4.4 6.2 44 11.0 
3+W... 5.2 8 2.8 7.4 
4 1.2 48 0.6 12.6 
4+WwW 3.0 8.4 1.4 4.4 
5 ae 0.0 4.2 1.8 13.4 
5+W.. 0.6 | 6.4 1.2 | 12.4 
L.S.D. 5% 48 + 5.7 3.2 6.2 

1% 6.3 | 7.6 4.2 8.2 

Av. fresh wt. of tops—gms. 

—_ 0.79 1.59 0.48 4.97 
0o+wW. 0.69 } 1.18 0.40 8.92 
0.5.. 1.60 | 1.36 0.64 | 2.59 
05+ W 0.94 2.31 0.68 | 6.75 
- 0.54 1.07 0.84 | 8.59 
1+W.. 0.55 1.34 0.56 | 11.65 
2 0.23 | 0.87 0.39 4.53 
2+W. 0.94 | 1.57 0.68 | 13.57 
a é | 0.08 1.27 | 0.32 5.62 
3+W. 0.11 0.42 0.19 6.86 
4 : 0.02 0.39 0.23 3.38 
4+wW. 0.12 1.03 0.03 | 5.64 
ai : | 0 0.42 0.01 | 3.12 
5+W 0.01 0.58 0.04 5.43 
L.S.D. 5% 0.42 0.77 0.28 6.3 

1% 0.55 1.03 0.37 8.3 











iW” indicates irrigation in addition to rainfall. 


The applications of 0.5 to 5 pounds in spray form immediately 
after planting in 1954 did not reduce stand or fresh weight of these 
crops noticeably. 

Results of these plantings indicated that the rates of 10 to 50 
pounds were dissipated sufficiently in the soil in 24 months to allow 
normal growth of these crops. 


DISCUSSION OF RESULTS 


The results of these trials, as measured by plant response, demon- 
strated that rates of up to 5 pounds of CMU per acre mixed thor- 
oughly in the top 5 inches of a sandy clay loam soil at the time of 
application were dissipated sufficiently in a 3-month period so that 
snap beans, sweet corn and spinach planted in the treated areas 
did not show visible or measurable injury. Rates of 20 to 50 pounds 
per acre were still active 12 months after treatment but were dis- 
sipated in a 24-month period. 








DANIELSON : Toxicity or CMU 261 


Table 5. Effect of high rates of application of CMU on emergence 
and growth of sweet corn and snap beans. 


Sweet corn Snap beans 


CMU aims 


Ib /A! Elapsed time—treatment to planting Elapsed time—treatment to planting 

1 mo 2 mo 3 mo. | 12 mo. | 24 mo 1 mo 2 mo 3 mo 12 mo | 24 mo 
Av. stand per tile 
0 8.0 Rg 8 R.5 9.0 8.8 5.8 ~ 0 8.0 7.2 
o+W 7.6 6 96 9.2 | 88 6.2 | 8.0 7.6 8.8 9.2 
10 0.4 2.6 8.2 as 9.2 6 | 22 6.2 8.4 8.6 
10 + W 0.2 5.4 8.8 9.0 8.4 0.4 4.2 4.4 8.4 9.6 
15 0 8 4.8 8.2 9.4 1.4 0.6 1.8 7.8 9.0 
is+W 0.4 0.8 5.6 9.8 9.8 0 0 3.4 8.4 9.2 
20 0 0 1.2 8.6 8.8 0.2 0 1.2 6.6 8.8 
20 + W 0 0 3.2 9.0 9.4 0.2 0.2 0 7.4 9.0 
25 0 0 0 58 RG 0.6 0 0 3.6 RR 
25 +W 0 0 1.2 9.6 8.8 0 0 0.4 7.8 96 
50 0 0 0 4.8 94 | 0 0 0 1.8 7.8 
50 + W 0 0 0 68 8.8 0 0 0 1.6 9.2 
L.S.D. 5 1.8 1.9 2.0 2.6 N.S 2.2 2.1 5.0 2.8 N.S 
1‘ 2.4 2.5 2.3 $4 | NS 3.0 2.8 6.5 3.7 N.S 
Av. fresh wt. of tops—gms 

0 ) 19.1 4.7 28.1 | 245 |} 43 14.1 7.6 13.7 13. 

»>+W 33.9 17.7 5.8 27.7 26.0 6.4 12.0 6.8 11.5 12 
10 1.3 0.6 1.9 19.0 19.8 | 2.6 0.6 3.9 10.9 96 
10 +W 0.2 0.9 2.5 30.7 27.0 0.6 1.1 2.9 13.8 12.3 
15 0 0.2? 1.5 20.0 18.4 1.5 0.2 1.0 8.8 | 10.8 
15 +W 0.4 0.6 1.9 18.8 26.7 0 0.5 O8 6.9 | 13.0 
20 0 0 0.6 8.3 22.3 0.6 0 1.4 4.3 10.5 
20 + W 0 0 03 21.0 26.6 0.6 0.2 0 8.2 14.4 
25 0 0 0 | § See 0.6 0 0 8.2 9.8 
25 +W 0.1 ) ) 15.8 | 23.7 0 0 0 4.3 14.6 
50 0 0 0 1.4 17.3 0 0 0 0.4 11.0 
50 + W 0 0 0 3.5 22.9 0 0 0 0.5 13.3 
L.S.D. 5% 9.7 ? 1.4 4.6 6.4 2.2 4 2.4 2.0 3.2 
1% 12.7 6.9 1.9 6.1 8.4 2.9 4 3.1 2.6 4.2 


tion in addition to rainfall 


‘W” indicates irri 


Principal results of the study were obtained in the first 3-month 
period when it was found that weedkilling rates of application, 
namely, 1 and 2 pounds of CMU per acre, appeared to lose their 
phytotoxicity rather quickly in the soil. These results offered en- 
couragement for the use of these low rates in successive seasons with- 
out fear of cumulative effects. The validity of this idea was tested 
further by re-treating the low rate plots twice at 12-month intervals. 
This represented 3 applications of each of these rates up to 5 pounds 
per acre in 24 months. Plantings made at the time of these final 
treatments indicated that cumulative effects of previous treatments 
were not present as shown by plant growth. 

These data on CMU residues in the soil as measured by plant 
response, while not conclusive, are certainly strongly indicative of a 
rapid detoxification of weedkilling concentrations of the chemical 
in a sandy clay loam soil. 

The detoxification of 50 pounds of CMU per acre in a 2-year 
period was surprising. Detoxification may have been hastened by 
mixing the chemical with the top 5 inches of soil. This distribution 
exposed the chemical to a large volume of soil as compared to a 
very limited soil exposure when a chemical is applied on the soil 
surface and allowed to remain there. 








262 WEEDS 


Comparison of stands in irrigated and non-irrigated plots indi- 
cated that irrigation in addition to the rainfall experienced during 
the trials did not materially affect the rate of detoxification of CMU 
in the soil though some slight increases in fresh weight resulted 
from moisture accumulation in certain instances. 

Differences in results between wet and dry applications of CMU 
showed that a more toxic effect was achieved with dry applications 
in pyrophyllite than with water suspensions of the chemical. No 
explanation for this can be offered but it merits further study to 
determine whether this was an isolated incident or represents the 
expression of a general relationship between method of application 
and phytotoxicity. 

Snap beans and sweet corn were not affected appreciably by pre- 
emergence applications of 1 pound of CMU per acre. Excellent 
control of annual grasses and many broadleaf weeds can be ob- 
tained with this rate and time of application. This suggests that 
CMU may prove practical for these crops in the future. 


SUMMARY 


1. Applications of practical weedkilling rates of 1 and 2 pounds 
of CMU per acre did not remain in a sandy clay loam soil in suf- 
ficient strength from one season to another to be toxic to snap bean 
or sweet corn seedlings. 

Applications of as much as 50 pounds of CMU per acre were 
dissipated sufficiently in 24 months to allow normal early vegetative 
growth of the test crops, snap beans and sweet corn, in a sandy 
clay loam soil. 

3. Irrigation in addition to natural rainfall did not affect the rate 
of detoxification of CMU applied in the manner described in a 
sandy clay loam soil as measured by the emergence and persistance 
of test crop seedlings. 

4. Snap beans, sweet corn and spinach were found to be quite 
tolerant of a pre-emergence application of 1 pound of CMU per 
acre in a sandy clay loam soil having an organic matter content of 
2.21 percent. 

5. The need for a study of wet and dry applications of CMU to 
determine their relative effectiveness was indicated. 
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Studies on the Control of Crabgrass in Bluegrass Lawns' 


R. E. Nytunp and RICHARD STADTHERR? 


WwW CONTROL is one of the principal problems of turf grass man- 
agement. With the discovery that 2,4-D would selectively kill 
many broad-leaved weeds their control in turf has been minimized. 
As has been indicated by Grigsby (9), the widespread usage of 2,4—D 
may be an important factor in increasing the importance of crab- 
grass (Digitaria spp.) as a turf weed. 

In recent years, a large number of studies have been carried out in 
attempts to discover chemicals that would effectively control crab- 
grass in turf. In 1935, sodium arsenite was reported (19) to be effective 
as a selective crabgrass killer. Later reports have hadhicased sodium 
arsenite to be ineffective (14) or as having given only fair control 
(5, 6) of crabgrass. Likewise, arsenic acid has given only poor to fair 
control and has caused excessive turf discoloration (21, 26). In 1947, 
De France (2) first reported on the effectiveness of phenyl mercuric 
acetate (PMA) as a selective crabgrass killer for use in turf. Since 
then, a number of workers have . ‘ry oe good crabgrass 
control with PMA (3, 4, 5, 6, 12, 13, 15, 16, 21, 22, 23, 24, 26, 
27, 29, 38). However, most of these “tic also indicate d that PMA 
caused some discoloration of the desirable turf grasses. 

A number of other chemicals have also been reported to be effec- 
tive selective crabgrass killers in turf. Potassium cyanate (KOCN) 
has been reported (3, 5, 7, 14, 15, 16, 20, 21, 27, 29, 30) to give good 
to excellent crabgrass control with only slight (6, , 30) to moderate 
(5, 20, 27) temporary discoloration of the turf grasses. A mixture 
of KOCN and organic nitrogen fertilizer, has resulted in good crab- 
grass control without turf grass discoloration (3, 15, 16). Various de- 
rivatives of boronium fluoride have been shown (3, 4, 5, 27) to be 
effective as selective crabgrass killers although they have been re- 
ported (4, 5) to cause excessive discoloration of desirable turf grasses. 
Chlordane, when applied in oil, has been reported to give fair (16, 
24) to good (9, 10) crabgrass control with only slight (24) or no (10) 
turf discoloration. When used in water, chlordane is apparently in- 
effective (10, 17). Maleic hydrazide (MH) has been reported (21, 22, 
29) to be ineffective in controlling crabgrass. Disodium methylarson 
ate in one report (7) gave excellent crabgrass control with no injury 
to desirable turf grasses. 

Various petroleum oils have been tried as crabgrass killers with 
varying results. Kerosene has been reported to give good (1, 6) to fain 
control (22) but, in general, has caused excessive discoloration of turf 
grasses (I, 6, 22). Stoddard solvent has given good crabgrass control 
(8, 11, 22, 23) but moderate (8, 23) to severe (22) discoloration of 
other turf grasses. Standard Crabgrass Killer, another petroleum oil 
of the naphtha type, has been reported to give good (8) and poor 


‘Paper No. 3466 of the Scientific Journal Series of the Minn. Agr. Exp. Sta. 
*Associate Professor and Research Fellow, respectively, Department of Horti- 
culture, University of Minnesota, Saint Paul, Minnesota. 
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(22, 24) control with injury to other turf grasses varying from severe 
(22) to none (8). 

Various herbicides have been tried in attempts to control crabgrass 
before it emerges. Dene. are (DCU) has given crabgrass control 
varying from good (12, 16, 25) to poor (22) with little or no turf 
injury (12, 22, 25). N- ete: phthalamic acid (NPA) has given 
good (12) to fair (24) control with only slight to moderate bluegrass 
injury. In one experiment (12), sodium 2,4,5-trichlorophenoxyethy! 
sulphate (2,4,5-TES) gave good control; in another (16) no control. 
PMA gave good control when applied pre-emergence (12, 13). 2,4- 
Dic hlorophenoxyethy! sulphate (2,4—DES) gre good control in one 
experiment (16) and fair control in another (24). 2,4-Dichlorophe- 
noxyethyl benzoate (2,4-DEB) in one study (18) gave excellent 
crabgrass control while in another (16) it was ineffective. 

The present paper is a report of four-years’ results with some crab- 
grass killers, and an attempt to explain variations in selectivity of 
some of them on the basis of the environmental conditions pre- 
vailing during these years. 


MATERIALS AND METHODS 


Crabgrass control trials were conducted during the summers of 
1950, 1951, 1954, and 1955 at University Farm on a large bluegrass 
lawn heavily infested with crabgrass. In every year except 1951 each 
treatment was applied to quadruplicated plots each 100 square feet 
in area. In 1951, 8 replications of plots 5 x 10 feet in size were used. 
All herbicides were applied at 30 to 50 psi pressure using a knapsack 
spraver and flat-spray nozzle. 

Effects of the herbicides on crabgrass were determined by a count 
of live crabgrass plants in square-foot areas in each plot in 1951 and 
1954. In 1950 and 1955, crabgrass control was determined by use 
of a rating system in which 0 = 0% control, | = 20% control, 2 = 
40% control, 3 = 60% control, 4 = 80% control, and 5 = 100% 
control. 

Effects of the herbicides on bluegrass were determined by use of a 
rating scale in which 0 = no discoloration, | = slight discoloration, 
2 = moderate discoloration, 3 = severe discolor: ition, 4 = very severe 
discoloration, and 5 = bluegrass dead. The time at which crabgrass 
control and bluegrass injury data were obtained varied froin year 
to year but in general included readings | week after the final herbi- 
cide application and again 3 to 4 weeks later. 

The lawn area in which the experimental plots were located was, 
in general, mowed to a height of 1-114 inches a day or two before 
herbicides were applied. During dry spells the lawn was watered 
with rotary sprinklers, but no attempt was made to record the dates 
or amounts of water applied. 

Precipitation and temperature data were obtained from records 
of the U. S. Weather bureau station at Wold-Chamberlain Airport 
approximately 9 miles from University Farm. 
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RESULTS 

In 1950, 10 herbicides were applied as post-emergence treatments 
starting on July 13 when crabgrass was in the 2- to 4-leaf stage. The 
herbicides applied were: PMA, bis(lauryl, di—2—hydroxy-ethyl 
amino) boronium fluoride (S—1998), KOCN, sodium trichloroacetate 
(TCA), MH, DCU, Stoddard solvent, kerosene, Standard Crabgrass 
Killer, and L-2687. The latter 4 are petroleum oils. As indicated in 
Table 1, some of the herbicides were applied once, some twice, 
and some three times to the same area. Table | gives the estimated 
percent control of crabgrass one week after the last herbicide appli- 
cation. Of the herbicides tested, only Stoddard solvent, kerosene, 
PMA, and S—1998 gave good control of crabgrass and, of these, only 
the latter 2 caused no lasting injury to the bluegrass. In 1950, tem- 
peratures during the 14 day period following first herbicide appli- 
cation averaged 68.5° F., and on none of these days did the maxi- 
mum temperature exceed 85° F. Precipitation during this period 
was 2.61 inches. 


Table 1. Crabgrass control and bluegrass injury resulting from 
the application of various herbicides, 1950. 


Observations on July 29 
Herbicides Rates of herbicide Dates of 
applied and water acre application Crabgrass | Bluegrass 
control—% injury rating 
PMA 0.8 lbs. in 87 eal July 13, 29 96 0 
S-1998 18.75 lbs. in 360 eal July 13, 17, 21 6 0 
Stod. solvent 80 gal. (no water) July 13 ( O.8 
Kerosene 120 gal. (no water) July 13, 20 84 1.0 
KOCN 8 Ib. in 305 gal Tuly 13, 23 69 0 
TCA(Na-salt) 10 Ibs. in 80 gal July 13 60 1.0 
Std C. G. Killer 80 gal. (no water Tuly 13, 23 ) 02 
L-2687 80 gal. (no water) Tuly 13. 23 »4 )? 
MH 0.3% sol’n in 160 gal July 13 1 ) 
DCU 5 Ibs. in 80 gal July 13, 23 10 ) 


‘Active ingredient basis except S-1998. 


In 1951, 5 herbicides were applied as postemergence treatments 
starting on June 28 when crabgrass had 2—4 leaves. The herbicides 
applied were: Stoddard solvent at 2 rates, PMA, monoamino bor- 
onium fluoride (S—-1840M), KOCN, and sodium arsenite. Table 
2 gives the percentage of crabgrass control, as obtained by counts 
in square foot areas in each replicate, and bluegrass injury ratings 
1 week after the final herbicide application. Stoddard solvent at 
lower rates of 40 and 60 gallons per acre gave excellent crabgrass 
control, as did the 80 gallon rate in 1950, but caused less bluegrass 
injury. PMA, KOCN, and S—1840M also gave good crabgrass control 
but caused somewhat more bluegrass discoloration. One month after 
the herbicides were applied, no bluegrass injury was apparent in any 
of the plots. As in 1950, temperatures for the 14-day period following 
first herbicide application were moderate, averaging 67.0° F., and 
only one day had a maximum temperature exceeding 85.° F. Pre- 
cipitation, however, was only 0.42 inches as compared to the 2.61 
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inches obtained in 1950. The lower precipitation in 1951 apparent- 
ly did not affect weed control obtained, as indicated by comparisons 
with the 1950 data. 


Table 2. Crabgrass control and bluegrass injury resulting 
from the application of various herbicides, 1951. 


Observations on July 11 


Herbicides Rates of herbicide Dates of 
applied and water /acre application Craberass Blucerass 
control—% injury rating 
Stoddard solvent 60 gal. (no water) une 28 1 0.2 
Stoddard solvent 40 gal. (no water) une 28 85 0.2 
PMA 0.5 Ib. in 100 gal June 28, July 5 5 1.1 
S-1840M 17.5 Ib. in 200 gal June 28, July 5 B5 1.0 
KOCN 8 Ib. in 100 gal June 28, July 5 5 1.6 
Sodium arsenite 1 Ib. in 100 gal June 28, July 5 52 1.8 


Active ingredient basis except S-1840 M 


In 1954, 4 pre-emergence herbicides (NPA, 2,4—-DES, chlordane 
and PAX) and 3 post-emergence herbicides (KOCN, PMA, and 
Standard Crabgrass Killer) were applied. The pre-emergence treat- 
ments were begun on June 8, approximately 3 weeks prior to first 
emergence of crabgrass in the experimental area; the post-emergence 
treatments were begun on July 7, 1 week after the first crabgrass 
emergence. 

Table 3 gives the percentages of crabgrass control obtained, based 
on weed counts, and the ratings of injury to bluegrass. These data 
were obtained approximately | month after the last pre-emergence 
treatment and 2 weeks alter the last post-emergence treatment. All 
herbicides except Standard Crabgrass Killer and PAX significantly 
reduced crabgrass stands. KOCN was the most effective crabgrass 
killer, followed by PMA and NPA. In contrast to the moderate 
temperatures following herbicide applications in 1950 and 1951, 
temperatures for the 14-day period following post-emergence ap- 
plications in 1954 were relatively high, averaging 76.6° F. and on 7 
of these days the maximum temperature exceeded 85° F. Rainfall 


Table 3. Crabgrass control and bluegrass injury resulting from the appli 
cation of various pre- and post-emergence herbicides, 1954. 


Observations on August 3 


Herbicides Rates of herbicide Dates of 
applied and water /acre? application Crabgrass Bluegrass 
control—‘; injury rating 
Pre-emergence 
NPA 8 Ib. in 170 gal June 8, July 6 75 1.2 
2.4-DES 8 Ib. in 200 gal June 8, July 6 66 0 
Chlordane 15 Ib. in 43 gal. oil June 8, July 6 66 0 
PAX 2178 Ib. (dry) June 8 53 1,0 
Post-emergence 
KOCN 8 Ib. in 100 gal July 7, 14 17 0.2 
PMA 0.5 Ib. in 100 gal. July 7, 14 75 1.0 
Std C.G. Killer 107 gal. (no water) July 7, 22 41 4.0 


Contains 13.2 percent lead arsenate and 3 percent nitrogen 
Active ingredient basis 
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during this period totalled only 0.30 inches. Under these hot, dry 
conditions KOCN was somewhat more effective than PMA in con- 
trolling crabgrass. In spite of the fact that the plots were irrigated 
after application of the pre-emergence herbicides on June 8, under 
the hot, dry conditions which prevailed during June and July the 
pre-emergence herbicides were less effective than KOCN. 

In 1955, 7 pre-emergence and 6 post-emergence herbicides were 
included in the crabgrass control trial. The herbicides applied as 
pre-emergence treatments were: 2,4-DEB, N-l—naphthy! phthalamic 
acid plus urea (Alanap IF), tris— (2,4—dichlorophenoxy ethyl) phos 
phite (Naugatuck 3Y9), 3(3,4-dichlorophenyl)—1—methyl—1—n-buty! 
urea (DuPont No. 1), DCU, 2,4-DES, and chloro—-N,N—diethy! ace- 
tamide (CDEA). The post-emergence herbicides were: PMA, di 
sodium methylarsonate, KOCN, Milcyanate (49% KOCN + 96° 
Milorganite), Standard Spray C (a petroleum oil containing chlor- 
dane), and Standard Crabgrass Killer. The pre-emergence treat 
ments were begun on June 10 when a few small crabgrass plants 
were visible in the plot area. The post-emergence treatments were 
begun on June 24 when crabgrass plants were in the 3—4 leaf stage. 
The 2 oils, Standard Crabgrass Killer and Standard Spray C, were 
applied first on July 22 when crabgrass was in the “boot” stage. 
Crabgrass control and bluegrass injury were estimated on July 22, 
2 weeks after the last post-emergence treatment and again on August 
23, 1 month after the last pre-emergence treatment. Table 4 gives 
the crabgrass control and bluegrass injury data obtained on these 
dates with the various treatments. Of the pre-emergence treatments, 
only 2,4-DEB gave a fair measure of crabgrass control (7607) afte 


Table 4. Crabgrass control and bluegrass injury resulting from the appli 
cation of pre- and post-emergence herbicides, 1955 


Date of observations 


| } = — 


Rates of Dates of July 22 August 23 
Herbicides herbicide application ~ - 
applied per acre! Crab- Blue- Crab- Blue- 
} grass grass grass grass 
control injury control injur. 
pet pet 
Pre-emergence 

2,4-DEB 8 lb June 10, July 1, 22 76 2.0 50 2.2 
Alanap 1F 784 Ib. (dry) June 10, July 1, 22 60 ) 40 0 
Naugatuck 3Y9 | 4 lb June 10, July 1, 22 60 1.0 30 1.2 
DuPont No. 1 4 lb June 10 56 1.0 6 1.0 
DCU | 10 lb June 10 44 1.2 x0 1.2 

2,4-DES 8 Ib June 10, July 1, 22 30 0.2 20 0 

CDEA 6 Ib June 10 0 0 0 0 

Post-emergence 
PMA | 0.9 Ib June 24, July 1,8 100 3.0 56 2.5 
Disod. methylarso- 

nate -| 8 Ib. June 24, July 1,8 96 3.5 44 3.0 
KOCN | 8 lb une 24, July 1,8 70 2.2 20 1.2 
Milcyanate | 653 1b. (dry) une 3a’ Jule 1,8 56 3.0 6 2.2 
Standard Spray C | 108 gal July 22, Aug. 5 76 3.0 
Standard C.G Killer! 108 gal July 22, Aug. 5 16 3.0 


‘Active ingredient basis except Milcyanate and Alanap 1F. All herbicides except oils and dry 
materials applied in 100 gal. water 
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two applications. One month after the third application, it was still 
the best pre-emergence treatment but gave only 50% control and 
showed the greatest degree of bluegrass injury. 

Of the post-emergence treatments, PMA and disodium methyl- 
arsonate gave excellent crabgrass control as measured 2 weeks alter 
the last application. However, hot, wet weather during late July 
and early August resulted in a second period of germination of 
crabgrass that reinfested the plots treated with pre-emergence and 
early post-emergence herbicides. Standard Spray C, applied during 
this reinfestation period, killed a high percentage of both the early 
and late-germinated crops of crabgrass seedlings. 

All of the post-emergence treatments applied in 1955 caused con- 
siderable blue-grass discoloration. This was probably due to the 
extremely hot weather which followed the herbicide applications. 
From the date of first post-emergence application, June 24, to 7 days 
after the third application on July 8 the mean temperature was 
75.6° F. and 11 of these 21 days had maximum temperatures over 
85° F. Precipitation during this period totalled 5.77 inches of which 
1.07 inches fell on July 7 and 8. Under these conditions, the herbi- 
cides were highly toxic to crabgrass and regrowth of bluegrass was 
slow. 

Relation of climatic factors to crabgrass development and to 
herbicide effecttveness and selectivity. The wide variations in tem- 
perature and moisture conditions during the four years of the 
present study make it possible to determine the extent to which 
weather conditions influenced crabgrass emergence and develop- 
ment, herbicide effectiveness, and bluegrass injury. ° 

Toole and Toole (28) have shown that high temperatures are 
necessary for crabgrass germination. In their studies, germination 
of one-year-old seed was more than 90 percent and was practically 
completed in 14 days at alternating temperatures of 20 and 40° 
while at alternating temperatures of 15 and 25° C. germination was 
less than 50 percent in 56 days. In the present study crabgrass 
development varied considerably in the years 1950, 1951, 1954 and 
1955. 

In order to determine the relation of temperature to crabgrass 
emergence and development during these years, the accumulated 
degree days! above a base temperature of 60° F. from May | to 
the date when crabgrass reached the 2- to 4-leaf stage were plotted 
for each of the 4 years. These data are shown in Figure |. May was 
cool in 1954 (37 degree days) as compared to 1955 (161 degree days) 
and crabgrass emerged 21] days later in 1954 than in 1955. In the 2 
years (1951 and 1955) in which May was relatively warm (118 and 
161 degree days, respectively) crabgrass reached the 2- to 4-leaf 
stage between June 20 and June 30. In contrast, in the 2 years 
(1950 and 1954) in which May was relatively hag 56 and 37 degree 
days, hen srg ray crabgrass reached the 2- ‘leaf stage between 
July 7 and July 13. 


‘Degree days = mean temperature for the day minus the base temperature. 
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Figure 1. Accumulated degree days (above 60° F.) from May | to date when 
crabgrass had 2-4 leaves for 4 seasons. In 1954 and 1955, crabgrass emerged 
on date indicated by ‘E’. 


An examination of precipitation data during May and June ol 
the 4 years indicated no relationship between crabgrass development 
and rainfall. In 1950, 1954, and 1955 total rainfall during May and 
June was considerably below normal, particularly in 1955, while 
rainfall during these months in 1951 was above normal. 

Two herbicides, PMA and KOCN, were applied in all 4 years 
of the study. Association between environmental variables and crab 
grass control with these herbicides varied with the herbicide applied. 
Table 5 shows the crabgrass control and bluegrass injury which 
resulted from the application of PMA and KOCN in each of the 
4 years together with mean temperatures, number of hot days, and 
precipitation during the 14-day period following herbicide ap 
plication. 

PMA gave the best crabgrass control under moderately cool, 
moist conditions (1950); was somewhat less effective under cool, dry 
conditions (1951); and was least effective under hot, dry conditions 
(1954 and 1955). That drouth apparently reduced the effectiveness 
of PMA is indicated by the fact that a third application made on 
July 8 following a heavy rain during the night of July 7 resulted 
in 100% crabgrass control (Table 4). 

KOCN was relatively less effective than PMA under the cool con 
ditions of 1950 and 1951, but gave good control under the hot, dry 
conditions of 1954. However, KOCN gave poor crabgrass contro! 
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Table 5. Comparison of crabgrass control and bluegrass injury resulting from 
applications of PMA and KOCN during 4 seasons together with tempera- 
ture and precipitation data for the 14-day period following herbicide 


application. 
Year 
Onbse ation 
1950 1951 1954 1955 

Crabgrass control(pet.) wit! 

PMA % R85 75 6 

KOCN 60 5 97 44 
Bluegrass injury from 

PMA 0 11 1.0 2.5 

KOCN 0 1.6 0.2 1.8 
Mean temperatures 

On day of 1st application 2 61 73 70 

Ist day following application 0 64 75 68 

2nd day following application 71 61 2 70 

ird day following application 71 63 74 72 

4th day following application 69 68 81 75 

5th day following application 71 65 R2 77 

6th day following application 61 63 82 82 

7th day (day of 2nd application) 66 69 14 78 

8th day following Ist application 68 68 74 77 

9th day following Ist application 1 77 78 81 

10th day following 1st application 6 75 77 81 

11th day following Ist application ) 72 76 79 

12th day following Ist application 73 64 80 81 

13th day following Ist application 71 68 75 78 

Mean 68.5 67.0 76.6 76.4 

Days having maximum above 

85°F 0 1 7 9 

90°F 0 0 3 5 
Total precipitation (ine hes) during the above 14 davs 2.61 0.42 0.30 3.73 

1Crabgrass control and bluegrass injury data taken 3 weeks after last spraying in 1954; in other 
vears, data taken one week after spraying. 

23.00 in. fell on 14th day 


in 1955 under conditions similar to those of 1954. As with PMA, 
however, a third application of KOCN on July 8 following a heavy 
rain resulted in considerably better crabgrass control (Table 4). 

Both herbicides caused the greatest injury to bluegrass under the 
hot, dry conditions of 1955, somewhat less injury under the cool, dry 
conditions of 1951, and no injury under the cool, moist conditions 
prevailing in 1950 (Table 5). The data for 1954 (Table 5) indicate 
relatively less ‘reat Lea injury in 1954 and in 1955, but inasmuch 
as these data were recorded 3 weeks instead of 1 week after treat- 
ment, it is possible that the bluegrass had already recovered to a 
great extent in this experiment. Considering the differences in blue- 
grass injury following herbicide applications in 1950 and 1951, it 
appears that during cool weather adequate soil moisture during and 
following herbicide application minimizes bluegrass discoloration. 
On the other hand, during hot weather, adequate soil moisture dur- 
ing and following herbicide application may increase the amount 
of bluegrass injury as evidenced by comparison of bluegrass injury 
in 1955 during dry weather (Table 5) with injury which resulted 
from an herbicide application made during high soil moisture con- 
ditions (Table 4). 
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DISCUSSION 


Crabgrass control trials were conducted over a period of 4 years, 
2 of which (1950 and 1951) were characterized by relatively cool 
weather and 2 by relatively hot weather (1954 and 1955). Under 
these varying conditions, KOCN and PMA applied as postemergence 
herbicides controlled 76 percent and 89 percent of the crabgrass, 
respectively, over the 4 year period. Standard Crabgrass Killer, a 
petroleum oil, gave poor crabgrass control in all 3 years in which it 
was tested. Another petroleum oil, Stoddard solvent, gave excellent 
crabgrass control in the 2 cool years when it was tested. Unfortunate- 
ily, this herbicide was not tested during the 2 warm years, 1954 and 
1955. Two boronium fluoride compounds (S—1998 and S—1840 M) 
also gave good crabgrass control in the 2 cool years when they were 
tested, but were not tested during the 2 warm seasons. Disodium 
methylarsonate gave good crabgrass control but caused excessive 
bluegrass injury in the | year when it was tested. However, during 
this warm year both KOCN and PMA also caused excessive blue- 
grass injury. 

As a late post-emergence treatment, Standard Spray C, a petroleum 
oil containing chlordane, gave good crabgrass control but excessive 
bluegrass injury in the warm season of 1955. Pre-emergence treat- 
ments were tried only during the last 2 years of tests (1954 and 1955) 
both of which were characterized by unusually warm weather. Unde 
these conditions, none of the pre-emergence treatments gave out 
standing crabgrass control. The most promising of the pre-emer- 
gence herbicides tested appear to be NPA, 2,4—-DEB, chlordane and 
Naugatuck 3Y9. 

Engel, et al. (5) have pointed out that under conditions unfavon 
able for growth of turf grasses, i.e. hot and dry weather, injury from 
herbicides is greater than under conditions favorable for turf, i.e. 
cool and moist. On the basis of the results of the present study, to 
their statement could be added the fact that under hot, wet weather 
injury to bluegrass is even greater than under hot, dry weather. 


SUMMARY 

1. Over a period of 4 years, 24 herbicides were tested for thei 
effectiveness in the control of crabgrass in a bluegrass lawn. Two of 
these herbicides, pGtassium cyanate (KOCN) and phenyl mercuric 
acetate (PMA), were tested in all 4 years. 

2. Two to three applications of KOCN applied at 8 Ib/A after 
emergence of the crabgrass killed an average of 76 percent of the 
crabgrass present. 

3. Two to three applications of PMA applied at 0.5 to 0.9 Ib/A 
killed an average of 89 percent of the crabgrass present. 

4. Other herbicides which gave fair to good crabgrass control but 
were not as thoroughly tested include Stoddard solvent, 2 boronium 
fluoride formulations (S—-1998 and S—1840 M), NPA, disodium 
methylarsonate, chlordane in a petroleum oil (Standard Spray C), 
chlordane in oil, 2,4-DEB, and Naugatuck 3Y9. 
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In 1955, when the month of May was unusually warm (161 
degree days above 60° F.), crabgrass emerged on June 10, while 
in 1954, when May was unusually cool (37 degree days), crabgrass 
emerged on July 1. 

6. In the 2 years (1951 and 1955) in which May was relatively 
warm (118 and 161 degree days, respectively) crabgrass reached the 

- to 4-leaf stage between June 20 and June 30. In the 2 years (1950 
and 1954) in which May was cool (56 and 37 degree days, respective- 
ly) crabgrass reached the 2- to 4-leaf stage between July 7 and 
Jus 13. 

PMA was more toxic to crabgrass and less toxic to bluegrass 

naiior cool weather conditions than under hot weather conditions. 
8. KOCN was more toxic to crabgrass in one of the 2 hot seasons 
than under cool weather conditions but not in the other. In both 
hot seasons KOCN was more toxic to bluegrass than in the cool 
seasons. 
9. Both PMA and KOCN caused more injury to bluegrass under 
hot, moist conditions than under hot, dry conditions. 
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A Note on the Sugars and Amino Acids of Leafy 
Spurge, Euphorbia esula' 


DuANE LE TouRNEAU? 


I’ HAS been shown that extracts of various weeds and crop plants 
inhibit germination and seedling growth (1, 4, 5, 7). In early 
experiments (7) it appeared that extracts of leafy spurge (Euphorbia 
esula) were particularly effective. For this reason it was of interest to 
more fully characterize the composition of leafy spurge. The present 
communication summarizes the results of qualitative paper chro- 
matographic determinations for amino acids and sugars. 

Ten-gram samples of stems and leaves were killed and extracted 
with 80% ethanol. The alcoholic extract, adjusted to 10 ml. under 
reduced pressure, was used for determination of the free sugars and 
amino acids. The insoluble residue following extraction was air 
dried and ground to pass through a 40-mesh screen. Combined sugars 
were determined on the alcohol-insoluble residue following hydrol- 
ysis of one-gram samples with 1 N HCl for 10 hours, while com- 
bined amino acids were determined on one-gram samples hydrolyzed 
16 hours in 8 N HCl. Hydrolysates were concentrated to dryness 
under reduced pressure and adjusted to 10 ml. 

Sugars were determined and identified by comparison to known 
materials by one-dimensional descending chromatography using 
three irrigants (ethyl acetate-pyridine-water (2/1/2, v/v/v), butanol- 
ethanol-water (4/1/5, v/v/v), and phenol-water) and three detecting 
sprays (aniline hydrogen oxalate, 2 per cent resorcinol in 2 N HCl, 
and ammoniacal silver nitrate). Amino acids were determined and 
identified by two-dimensional descending chromatography according 
to the method of Dent (3). 

Sucrose and glucose were the predominant free sugars, while lesser 
amounts of fructose were present. Other materials reacted with the 
ammoniacal silver nitrate but not with the two more specific sprays, 
and they did not conform in position with known sugars. These re- 
sults agree in general with those obtained with other plant tissue. 
Bidwell (2) chromatographically examined the free sugars of various 
species of plants representing 27 families. These did not include 
representatives of the Euphorbiaceae. He found that these plants 
contained primarily sucrose, glucose, and fructose, with sucrose as 
the major free sugar. Only 5 of the species he investigated contained 
the free pentoses, arabinose or xylose, and none of them contained 
detectable quantities of raffnose. Neither free pentoses nor raffinose 
were detected in leafy spurge. 

Glutamic acid, aspartic acid, alanine and gamma-aminobutyric 
acid were the predominant amino acids in the alcoholic extract. 
These amino acids are normally found in quantity in other plant 


*Paper No. 3399, Scientific Journal Series, Minnesota Agricultural Experiment 
Station. 

*Formerly Research Assistant, Department of Plant Pathology and Botany, 
University of Minnesota, St. Paul 1, Minnesota. Present address: Department of 
Agricultural Chemistry, University of Idaho, Moscow, Idaho. 
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tissues (8). Other ninhydrin reactive materials present were valine, 
the leucines, serine, the amides glutamine and asparagine, arid small 
quantities of proline and arginine. Cysteic acid was found following 
peroxide oxidation. One unknown was found in the alcoholic ex- 
tract; this migrated about the same as glutamic acid in the phenol 
and just behind the receding phenol front in the collidine-lutidine 
solvent. 

The sugars glucose, galactose, arabinose and xylose predominated 
following acid hydrolysis of the alcohol-insoluble residue. Traces of 
ribose and rhamnose were detected. In addition to the free sugars, 
a uronic acid was detected. 

Following acid hydrolysis of the alcohol-insoluble material 17 
ninhydrin reactive spots were found. With 10-20 microliters of the 
hydrolysate, there were spots corresponding to aspartic acid, glutamic 
acid, alanine, proline, valine, glycine, serine, lysine, threonine, the 
leucines, and tyrosine. Histidine was detectable when larger amounts 
of the material were analyzed. Cysteic acid and methionine sulphone 
were easily detected following peroxide treatment. Two unknowns 
were also detected. A material yielding a light blue spot with nin- 
hydrin migrated about the same distance as aspartic acid in phenol 
and about the distance for tyrosine in the collidine-lutidine solvent. 
This corresponds roughly with an unknown (No. 18) reported by 
Steward and Thompson (8) in the alcohol-insoluble portion of the 
acid hydrolysate of alfalfa, although these workers used a slightly 
different solvent system. Another unknown material was found in 
the general region occupied by methionine sulfoxide and gamma- 
aminobutyric acid. 

While these experiments were in progress, it was found that the 
inhibitor (or inhibitors) could be extracted from spurge with etha- 
nol. Although this might indicate that it is not necessary to consider 
the alcohol-insoluble fraction as an inhibitor source, there is the 
possibility that the inhibitor may exist in a bound form in this 
fraction. Germination experiments made with various concen- 
trations and combinations of the free sugars of spurge have shown 
that these sugars are not inhibitory. Further studies on the nature 
of the inhibitor (6) have shown that it mav be a non-alkaloidal 
nitrogen compound. This indicates the advisability of continued 
studies with amino acids and further efforts to more fully character- 
ize the alcohol-soluble fraction. 
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Terminology Committee Report— 
Weed Society of America’ 


I]. INTRODUCTION 


The Terminology Committee of the Weed Society of America 
(WSA) has given considerable study to the problems of standardized 
terminology and the development of common names for chemicals 
used as herbicides in the field of weed control. 

The most acute problem in weed control terminology is the de- 
velopment and adoption of common names for herbicides. This 
problem is not limited to the field of weed control alone. Every 
scientific field which envelops the use of agricultural chemicals is 
confronted with the adoption of common names for chemicals used 
in agriculture. 

The Committee believes that during the discovery, development, 
and use of herbicides at least two distinct nomenclature phases must 
be recognized in the selection of a designation to be used for a herbi- 
cidal chemical. It is difficult if not impossible to coin common names 
for herbicidal chemicals until they have reached the commercial 
development stage. However, the Committee recognizes that an 
acute need exists for abbreviated designations for herbicidal chem- 
icals while they are in the research and development stages prior 
to the time they become commercially available. 

The objectives and procedures of the Committee have been de- 
signed to serve these needs. 





II]. OBJECTIVES OF THE COMMITTEE 


A. To serve as a group to develop, standardize, and coordinate the 
terminology in the field of weed control and the selection of common 
names for herbicides. 

B. To review, revise, and develop standardized terms, abbrevi- 
ations and definitions used in the field of weed control. 


II]. PROCEDURES FOR THE SELECTION OF COMMON NAMES 


A. The coordination of selection of common names for herbi- 
cides. 

1. The United States Department of Agriculture, in cooperation 
with the National Agricultural Chemicals Association, and the 
American Standards Association, has administratively sponsored a 
committee known as the American Standards Association Sectional 
Committee on Common Names For Pest Control Chemicals, K62 
(ASAK62) which was organized for the purpose of adopting and 
standardizing common names for chemicals used as herbicides, in- 
secticides, fungicides, rodenticides, nematicides, defoliants, and plant 
regulators. The American Standards Association (ASA) is also a 


The Terminology Committee solicits your suggestions for improving all 
phases of terminology in the field of weed control. Suggestions should be sent 
to the chairman, with copies of correspondence directed to each member of 
the committee. 
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member of the International Standards Organization (ISO) and the 
ASA Committee, K62 will work with foreign countries through ISO 
in its efforts to standardize common names for agricultural chem- 
icals throughout the world. 

2. The Weed Society of America is a member of ASAK62. The 
ASAK62 Committee is composed of scientific societies and all other 
organizations interested in agricultural chemical nomenclature. 

3. The Terminology Committee of WSA is represented on the 
ASAK62 Committee by the WSA Terminology Committee chairman 
and two alternates. 

4. The Terminology Committee of WSA has participated in all 
the meetings of ASAK62 relating to herbicide terminology and aided 
in the development of the procedure for developing common names 
for pest control chemicals outlined in Appendix A following this 
report. 


B. Function of the Terminology Committee of WSA in the 
selection of common names for herbicides. 


1. The Terminology Committee of WSA will supply copies of the 
American Standard Procedure For The Acceptance of An American 
Standard Common Name for a Pest Control Chemical to organi- 
zations desiring to sponsor a common name for a herbicide. 

2. The Sponsor will then prepare 10 copies of a Statement furnish- 
ing the information about the herbicide as outlined in the Ameri- 
can Standard Procedure For the Acceptance of An American Stand- 
ard Common Name for a Pest Control Chemical. 

3. The Terminology Committee of WSA will then review the 
Sponsor’s Statement. 

4. If the common name proposed by the Sponsor is accepted by 
the Terminology Committee of WSA, the Committee will recom- 
mend that the Sponsor prepare 75 copies of the Statement for sub- 
mittal to the American Standards Association Sectional Committee 
on Common Names for Pest Control Chemicals, K62 for final 
disposition. 


IV. CHEMICAL NOMENCLATURE, ABBREVIATIONS, AND DEFINITIONS 


A. Suggested terminology guides for authors to follow in pre- 
paring for publication in WEEDS or any other publication of WSA. 


1. The editorial board will not approve manuscripts for publi- 
cation in any publication of WSA in which trade names, code names, 
code numbers, or abbreviated names are used without identifying 
the active ingredient in the herbicide. 

2. The first time a herbicide is mentioned in a manuscript, re- 
search report, abstract, or other publication, the full chemical name 
of the herbicide should be given followed by the accepted common 
name or designation. 

3. The exact derivative of compounds should be indicated. For 
example: sodium salt of 2,4—-D, diethanolamine salt of 2,4—D, iso- 
propyl ester of 2,4—D, butoxyethanol ester of 2,4—D. Avoid the use of: 
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sodium 2,4—D; 2,4—-D sodium; amine 2,4—-D; 2,4—-D amine; LV ester 
of 2,4—-D; 2,4—D ester. 

4. Designations for chemical compounds involving a combination 
of numbers and letters should be written with capital letters with- 
out spacing or periods. The numbers should be separated by com- 
mas and the numbers and letters should be separated by a dash (-). 
For example: 2,4A-D, MCPA, 2,3,6-TBA, 4-(2,4-DB), 4-(4—-CPB). 
In writing accepted common names, lower case letters should be 
used. For example: monuron, diuron, dalapon. 

5. Rates of application should always be stated in terms of the acid 
equivalent when applicable and when not applicable, in terms of 
the active ingredient. 

6. Herbicides for which designations have not been developed 
should be designated by their full chemical names. 

7. The use of the accepted number-letter designations in column 
2 of Table 1 will be discontinued as soon as common names are 
sponsored and adopted. 

8. In acknowledging the source of experimental compounds it is 
suggested this be done in a footnote. For example: “In these studies 
three compounds, 2,4—D!, MCPA!, and 2,4,5-T! were applied at 
three rates of application”. 


‘Experimental samples supplied by the ABC Chemical Company, Home- 
town, Pa. 


B. Nomenclature for chemicals used as herbicides. 


Table 1. Chemical designations accepted for use in all WSA publications. 


Chemical name Designation 

2 We dic hlorophenoxyacetic acid.... ; 2,4-D 

2-methyl-4-chlorophenoxyacetic acid..... MCPA 

2,4,5-trichlorophenoxyacetic acid. 2,4,5-T 
3, 4 -dichlorophenoxyacetic acid... 3,4-DA 
4-chlorophenoxyacetic acid 4-CPA 
2-(2,4-dichlorophenoxy) propionic acid 2-(2,4-DP) 
2-(2-methyl-4-chlorophenoxy) propionic acid 2-(MCPP) 
2-(2,4,5-trichlorophenoxy) propionic acid 2-(2,4,5-TP 
2-(3,4-dichlorophenoxy) propionic acid 2-(3,4-DP) 
2-(4-chlorophenoxy) propionic acid 2-(4-CPP) 
4-(2, 4-dichlorophenoxy) butyric acid 4-(2,4-DB) 
4-(2-methyl-4-chlorophenoxy) butyric acid 4-(MCPB) 
4-(2,4,5-trichlorophenoxy) butyric acid 4-(2,4,5-TB) 
4-(3,4-dichlorophenoxy) butyric acid 4-(3,4-DB) 
4-(4-chlorophenoxy) butyric acid. 4-(4-CPB) 
sodium 2,4-dichlorophenoxyethyl sulfate 2,4-DES 
sodium 2,4,5-trichlorophenoxyethy! sulfate 2,4,5-TES 

MCPES 


sodium 2-methyl- -4-chlorophenoxyethy! sulfate 
sodium 2,4-dichlorophenoxyethy! benzoate 


mi oe 
~~ 
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~) 
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trichloroacetic acid... Cc 
2,2-dichloropropionic acid dalapon? (dal pin) 
2,2,3-trichloropropionic acid. 2,2,3-TPA 
dichloral urea DCU 
2-chloro-N, N-diallylac etamide CDAA 
2-chloro-N,N-diethylacetamide. CDEA 
isopropyl N-phenylcarbamate IPC 
isopropy! N-(3-chloropheny!l)carbamate CIPC 
sec-butyl N-(3-chloropheny!)carbamate BCP( 
CDEC 


2-chloroallyl diethyldithiocarbamate 
3-(pheny])-1,1-dimethylurea. 

3-(p-chloro henyl) 1,1-dimethylurea ; 
3-(3,4-dichlorophenyi)- 1,1 -dimethylurea : 
3-(3,4-dichlorophenyl)-1-methyl-1-n-butylurea neburon 
pentachlorophenol PCP 


fenuron? (fén’-a-rén) 
monuron? (mén‘i-rén) 
diuron? (di’-i-rén 

> (néb’-i-rin) 








Chemical name 


4,6-dinitro ortho secondary butylphenol. 
4,6-dinitro ortho secondary amylphenol 
3,5-dinitro ortho cresol 

2,3,6-trichlorobenzoic acid 

2,3,5,6-tetrachlorobenzoic acid 

N-1-naphthyl phthalamic acid 
3,6-endoxohexahydrophthallic acid 

phenyl mercuric acetate 

potassium cyanate 

hexachloroacetone. : 

isopropyl xanthic acid 

maleic hydrazide 

trichlorobenzenes 
2-chloro-4,6-bis(diethylamino)-S-triazine 
3-amino-1,2,4-triazole 

octochloro cyclohexenone 

ethyl xanthogen disulfide 

monomethyl arsonic acid 
2-(2,4,5-trichlorophenoxy)ethyl 2,2-dichioropropionate 





*Common names “tentatively accepted’? by the Terminology Committee of W.S.A. Final ac- 
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Designation 


DNBP 

DNAP 

DNC 

2,3,6-TBA* 
2,3,5,6-TBA? 

NPA 

endothal (en’-d6-thal) 


ATA 
OCH 
EXD 
MAA 
erbon? (ér’-bén) 





ceptance of these common names will be delayed until they have been submitted to the Committee 


by a sponsor and approved by ASA K62 as American Standard names. 
) F PE 


‘These compounds are usually available for use as herbicides as mixed isomers. When possible 
the isomers should be identified and the source of the experimental chemicals given. 


C. Abbreviations of terms used in weed control. 


The use of the following abbreviations is recommended and 
unless otherwise indicated, should be lower case letters without 


spacing or periods. 


Definitions 


Abbreviations 
ahg acid equivalent per 100 gallons 
A acre 
bu bushel or bushels 
diam diameter 
ft foot or feet 
fpm feet per minute 
gal gallon or gallons 
in inch or inches 
mph miles per hour 
ppmw parts per million by weight 
ppmy parts per million by volume 
pt pint or pints 
Ib pound or pounds 
psi pounds per square inch 
qt quart or quarts 
gal/A, 
oz/A rate per acre 
rpm revolutions per minute 
sq square 
wt weight 
gpa gallons per acre 
gph gallons per hour 
oz ounce or ounces 
ht height 
mi mile or miles 
ml milliliter 
L liter 
gpm gallons per minute 
cts cubic feet per second 


mm millimeter or millimeters 
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Abbreviations Definitions 











mp melting point 

ppt precipitate 

sp. gr. specific gravity 

tech technical 

temp temperature 

WSA Weed Society of America 

SWC Southern Weed Conference 

NEWCC Northeastern Weed Control Conference 


NCWCC North Central Weed Control Conference 
WWwcc Western Weed Control Conference 





D. Definitions of terms used in weed control. 





Term Definition 








Annual. A plant that completes it life cycle from seed in one year. 
Band application. An application of spray or dust to a continuous 
restricted area such as in or along a crop row rather than over the 
entire field area. 

Basal treatment. A woody plant treatment applied to the stems of 
plants at and just above the ground line. 

Bed. (1) A narrow flat-topped ridge on which crops are grown with 
a furrow on each side for drainage of excess water. (2) An area in which 
seedlings or sprouts are grown before transplanting. 

Bed-up. To built up beds or ridges with a tillage implement. 
Biennial. A plant that completes its life cycle in two years. The first 
year it produces leaves and stores food. The second year it produces 
fruits and seeds. 

Broadcast application. An application of spray or dust over an entire 
area rather than in a band only on rows, beds, or middles. 

Blind cultivation. Cultivating before a seeded or planted crop emerges 
Brush control. Control of woody plants. 

Carrier. The liquid or solid material added to a chemical or formu 
lation to facilitate its field use. 

Compatible. Two compounds are said to be compatible when they can 
be mixed without affecting each other's properties. 

Concentration. Refers to amount of active material in a given volume 
of diluent. Recommendations and specifications for concentration of 
herbicides should be on the basis of pounds per unit volume of diluent 
Contact herbicide. A herbicide that kills primarily by contact with 
plant tissue rather than as a result of translocation. 

Defoliator or Defoliant. A compound which causes the leaves, or foliage, 
to drop from the plant. 

Diluent. Any liquid or solid material serving to dilute an active in 
gredient in the preparation of a formulation. 

Directed Application. An application of spray of dust to a restricted 
area such as a row, or bed at base of plants. 

Duckfoot cultivator. A field cultivator equipped with small sweep 
shovels. 

Emulsifying agent. A_ surface active material which facilitates the 
suspension of one liquid in another. 

Emulsion. The suspension of one liquid as minute globules in another 
liquid; for example, oil dispersed in water. 
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Term Definition 





Epinasty. The twisting or curling of leaves and stems caused by un- 
even growth of cells. (A state of growing in leaves in which the upper 
surface grows faster than the lower surface and thus causes the leaf 
edges to curve down.) 

Growth stages of cereal crops. (1) Tillering stage—when a plant pro- 
duces additional shoots from a single crown. (2) Jointing stage—when 
the internodes of the stem are elongating. (3) Boot stage—when the 
seed head of a plant begins to emerge from the sheath. 

Herbaceous. A succulent plant that does not develop woody tissue. 
Herbicide. A phytotoxic chemical used for killing or inhibiting the 
growth of plants. 

Miscible. Two or more liquids which, when mixed together, form a 
uniform mix. 

Perennial. A plant that lives for more than two years. 

Noxious weed. A weed arbitrarily defined by law as being especially 
undesirable, troublesome, and difficult to control. Definition of the term 
“noxious weed” will vary according to legal interpretations. 
Phytotoxic. A substance toxic to plants. 

Post-emergence Treatment. Any treatment made after the crop plants 
emerge. 

Pre-emergence Treatment. Any treatment made after a crop is planted 
but before it emerges. (1) Contact pre-emergence. An application made 
after weed emergence. (2) Residual pre-emergence. An application which 
kills weeds as the seed germinates or as they emerge either before or 
after the crop has emerged. 

Pre-planting treatment. Any treatment made before the crop is planted. 
Rate and Dosage. These terms are synonymous. “Rate” is the preferred 
term. Rate usually refers to the amount of active ingredient material 
(such as 2,4—-D acid equivalent) applied to a unit area (such as one acre) 
regardless of percentage of chemical in the carrier. 

Selective Herbicide. A compound that is more toxic to one plant 
than to another. 

Soil Sterilant. A herbicide that prevents the growth of plants when 
applied to the soil. Soil sterilization effects may be temporary or rela- 
tively permanent. 

Spray Drift. The movement of airborne spray particles from the 
intended contact area to adjacent areas. 

Surfactant. A material which facilitates, and accentuates the emulsify- 
ing, dispersing, spreading, wetting, and other surface-modifying proper- 
ties of herbicide formulations. 

Suspension. A system consisting of very finely divided solid particles 
dispersed in a solid, liquid or gas. 

Synergism. Cooperative action of different agencies such that the total 
effect is greater than the sum of the two effects working independently. 
Systemic Herbicide. A phytotoxic compound which is translocated 
within the plant. 

Vapor Drift. The movement of herbicidal vapors from the area of 
application to adjacent areas. 

Volatile. A compound is said to be volatile when it evaporates, or 
vaporizes (changes from a liquid to a gas) at ordinary temperatures on 
exposure to the air. 

Wetting Agent. A compound which when added to a spray solution 
causes it to contact plant surfaces more thoroughly. 

Weed. A plant growing where it is not desired. 
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Term Definition 





Crop. A plant growing where it is desired. 

Weed eradication. The complete elimination of all live plants, plant 
parts, and seeds of a weed infestation from an area. 

Weed control. The process of inhibiting weed growth and limiting 
weed infestations so that crops can be grown profitably or other opera- 
tions can be conducted efficiently. 





Prepared by the Terminology Committee, Feb. 1, 1956. 
R. Behrens 
R. D. Sweet 
L. G. Holm 
C. I. Seely 
W. C. Shaw, Chairman 


Appendix A 


American Standard Procedure for the Acceptance of an American 
Standard Common Name for a Pest Control Chemical.* 


1. Scope and Purpose 
1.1 The following procedure has been developed for use in 
securing approval as an American Standard Common Name for a 
pest control chemical by the American Standards Association, In- 
corporated, (ASA). It is intended to make possible the adoption of 
common names readily acceptable and usable by all interested 
groups, while guarding against confusion with existing common or 
proprietary names and against improper use in the future. 
1.2 In general the procedure consists of: 
1.2.1 Tentative selection of a common name by the Sponsor. 
1.2.2 Preparation by the Sponsor of a Statement, proposing 
the common name, and giving such properties and other information 
as may be required. 
1.2.3 Submission of the Statement to the Committee. 
1.2.4 Review and action by the Committee. 
1.2.5 Adoption of the common name and release of the 


American Standard by the ASA. 


2. Definitions 

2.1 For purposes of this standard, the following terms are in- 
tended to have the meaning indicated. 

2.2 American Standard. The designation given to a standard 
that has been approved by the ASA Standards Council or its desig 
nated agency. 

2.3 Common Name. A coined name which applies to the 
100% pure pest control chemical and which is available for un- 
restricted use. 

‘American Standard K62.1-1956 was approved by the American Standards 
Association on February 28, 1956. This procedure is reprinted with the permission 
of the American Standards Association. Copies of the procedure may be purchased 
from the American Standards Association, 70 East Forty-fifth Street, New York 
17, N. Y. 











REPORT OF THE TERMINOLOGY COMMITTEE 285 


2.4 Pest Control Chemical. A chemical having potential use 
in pesticides, including insecticides, fungicides, rodenticides, herbi- 
cides, and nematicides, and also defoliants and plant regulators. 

2.5 ASA. These letters serve as the abbreviation for the name, 
American Standards Association, Incorporated, 70 East 45th Street, 
New York 17, New York. 

2.6 Sponsor. The one initially requesting acceptance of a 
Common Name. It may be the actual manufacturer of the product, 
or a formulator or an organization interested in the product. 

2.7. Statement. The proposed Common Name and data sub- 
mitted by a Sponsor to the Committee, when requesting acceptance 
of a Common Name for a Pest Control Chemical. 

2.8 Committee. The ASA Sectional Committee on Common 

Names for Pest Control Chemicals, K62. 

2.9 Administrative Sponsor. The organization so designated 
by ASA to be responsible for the organization and proper function- 
ing of the Committee in conformance with the ASA Constitution, 
Bylaws and Procedure, (PM 125). 


Selection of a Common Name 

3.1 Common Names will be considered for Pest Control 
Chemicals. 

3.2 Requests for acceptance of Common Names will be con- 
sidered only for those products which have reached a stage of devel- 
opment which is considered likely to result in commercial distribu- 
tion. The Committee reserves the right to reject applications 
concerning a product or products which, in the opinion of the 
Committee members, are not likely to be introduced into commerce. 

3.3 A Common Name shall be preferably short and need have 
no chemical name or nature of the product. Commonly accepted 
chemical prefixes or suffixes shall be avoided as far as possible, but 
if used, such use shall in no way conflict with the standards of no- 
menclature of the American Chemical Society. (See list of nomen- 
clature pamphlets in Chemical and Engineering News 31, 2803 
(1953)).® The name should not be similar phonetically or in spelling 
to systematically formed names or to trade or Common Names of 
other commercial chemicals even though such chemicals may not be 
used in pest control. Proposed Common Names consisting of initials 
or numbers or a combination of initials and numbers will not be 
considered. 

3.4 Names for simple chemical salts and esters should be 
coined so as to apply only to the parent chemical. (For example, if 
the parent substance is given the name Warfarin and is acidic in 
nature, its sodium salt would be designated Warfarin sodium). Ex- 
ceptions to this requirement may be permitted when, as judged on 
the merits of each case, at least one of the following circumstances 
prevails: (1) the compound (derivative) significantly alters the 
actions or scope of the parent chemical, (2) the usual chemical 
terminology is too lengthy or unwieldy for practical usage, or (3) 

‘Reprints of lists and pamphlets available from Chemical Abstracts, Ohio 
State University, Columbus 10, Ohio. 
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the introduction of other salts, esters of the parent chemical is not 
likely. 

3.5 A proposed Common Name will be considered for ac- 
ceptance only when the Sponsor certifies that a search has been 
conducted and findings are submitted to verify the absence of con- 
flicts with existing domestic trademarks or names for other chemicals 
or products. Should the proposed Common Name itself be trade- 
marked or be in apparent conflict with any domestic trade-mark or 
trade name, the Sponsor shall submit to the Committee a written 
statement from the trade-mark owner releasing the proposed Com- 
mon Name for unrestricted use. (See 4.2.11) 


4. Preparation of Statement 
4.1 A Sponsor, having selected a proposed Common Name 
pursuant to Section 3, shall prepare the Statement for submission to 
the Committee and patterned after that shown in Appendix A. 
4.2 The Statement shall include: 

4.2.1 The name and address of the Sponsor. 

4.2.2 The basis of the Sponsor’s interest in the product. 

4.2.3 The proposed Common Name and its pronounciation. 

4.2.4 Its classification, i.e., fungicidal chemical, herbicidal 
chemical, etc. 

4.2.5 Its systematic name and chemical structure when 
known. 

4.2.6 The purity of the technical or the commercial grade 
of product to be offered in terms of percentage of the parent 
chemical, and the percentage of associated compounds or con- 
taminants normally encountered in the commercially offered 
product. 

4.2.7 All trade-marks, trade names, coined names and 
synomyms associated with the products by the industry and in the 
field of use. 

4.2.8 The physical and chemical properties of the pure 
and technical grades of the chemical as far as can be reasonably 
determined. 

4.2.9 Information clearly indicating the product to be a Pest 
Control Chemical. 

4.2.10 Pertinent findings of the search verifying the absence 
of conflicts with existing trade-marks or names for other chemicals 


or products. 
4.2.11 The following clause: “The undersigned agrees to 
release and permit the use of the name ‘——————— (the proposed 


common name) for use with respect to any product, whether or not 
manufactured or formulated by the undersigned, which contains 
a pest control chemical conforming to the description of the pest 
control chemical specified by ASA in an American Standard adopted 
and made public pursuant to this Statement.” 

4.2.12 The written signature and title of the duly authorized 
representative of the Sponsor. 
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5. Procedure 


5.1 The Sponsor shall submit the signed original and 75 copies 
of this Statement to: 
J. A. Noone, Secretary 
ASA Sectional Committee, K 62 
National Agricultural Chemicals Association 
Associations Building 
1145 19th Street, N. W. 
Washington 6, D. C. 


5.2. The Secretary shall circulate to all members of the Com- 
mittee for action copies of the Statement and a proposed American 
Standard including the Common Name together with the name of 
the chemical and information on its major field of use and physical 
and chemical properties. If the Sponsor is not the basic manufac- 
turer of the chemical, a copy of the Statement shall be furnished 
to the manufacturer who shall have the opportunity to approve or 
object to the proposed Common Name. 

5.3 Action by the Committee will take the form of: 

5.3.1 A decision to accept the proposed American Standard 
and to recommend its approval as the American Standard Common 
Name for the specified pest control chemical. 

5.3.2 A decision to withhold final Committee action until 
requested additioinal data are submitted by the Sponsor. 

5.3.3 A decision to reject the request for acceptance. 

5.4 The Secretary of the Committee shall: 

5.4.1 Notify the Sponsor of the Committee action taken and 
the basis thereof. 

5.4.2 Transmit the Committee recommendations for accept- 
ance to the Administrative Sponsor for transmittal with its recom- 
mendations to the ASA. 

5.5 Action by ASA on the recommendations of the Adminis- 
trative Sponsor will be taken pursuant to the Constitution, By-laws 
and Procedure of the American Standards Association, Inc. (PM 
125). 

5.6 Upon approval of the American Standard by ASA, it will 
be made public through publication by the ASA and/or by such 
organizations as it may authorize to do so. The published American 
Standard shall include the following clause: Neither ASA nor its 
committee guarantees or assumes any responsibility that use of this 
name in connection with this or any other chemical or product will 
not infringe on or conflict with any existing proprietary name, trade 
mark or trade name. Approval as an American Standard Common 
Name constitutes reccognition by ASA that a consensus exists within 
a representative committee, operating under ASA procedure and 
basing its recommendation on data submitted by a Sponsor, favor- 
ing consideration of the use of the name to designate the pest 
control chemical described herein by all interested persons. The 
information concerning the chemical and physical properties of the 
chemical is not a part of the standard but is provided solely as an 
aid to identification, and ASA does not guarantee its accuracy. 





News and Notes 


Mr. Harold Kerr has been appointed as Agent (Research Ayron- 
omist) by the Field Crops Research Branch, USDA, to assist in weed 
investigations at Columbia, Missouri. 


F. D. Keim died in Washington, D. C. on March 7, 1956. He was 
formerly Chmn. of the Agronomy Dept., Univ. of Nebraska, and a 
charter member of the North Central Weed Control Conference 
Dr. Keim was instrumental in initiating cooperative research in 
bindweed control in 1935 between the USDA and various states. 


W. B. Ennis, Jr., of the Weed Investigations Section, USDA, has 
been transferred to the Plant Industry Station, Beltsville, Maryland. 
He was formerly stationed at State College, Mississippi. 


Warren H. Zick received his Ph.D. degree from the Univ. of Wis- 
consin in January, 1956. He is now employed as Asst. Director of 
Agricultural Research and Development, Pacific Coast Borax Co., 
Los Angeles, California. 


L. L. Jansen, Weed Investigations Section, USDA, was trans- 
ferred from Logan, Utah, to the Plant Industry Station, Beltsville, 
Maryland in March, 1956. 


Weeds of the Northeast is the title of Delaware Agri. Exp. Sta. 
Field Manual No. I, released in January, 1956. This identification 
guide uses basal-leaf characteristics rather than the usual flower and 
seed characters. The publication was accepted by the Northeastern 
Regional Weed Control Technical Committee as its official weed 
identification guide for the northeastern states. The manual, which 
describes 346 weeds, is available from the Univ. of Delaware Agri. 
Exp. Sta., Newark, Del., at $0.75 per copy. 


W. R. Furtick, Farm Crops Dept., Oregon State College, made 
an extensive tour of the United States early in 1956. He visited 
weed workers at a number of state institutions, research organiza- 
tions and commercial concerns. 


An Aerial Applicators Meeting was held on March 13 and 14, 
1956, at Lincoln, Nebraska, to discuss problems related to the 
aerial application of herbicides and insecticides. 


The officers and meeting places for the various weed conferences 
for the coming year are as follows: 


Southern Weed Conference 
President—W. B. Albert, Botany Dept., Clemson College, Clem- 
son, South Carolina. 
Vice-president—E. G. Rodgers, Dept. of Agronomy, Univ. of 
Florida, Gainesville, Florida. 
Sec.-Treas.—W. K. Porter, Jr., Dept. of Plant Pathology, Louis- 
iana State University, Baton Rouge, Louisiana. 
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Next Meeting—January 23, 24 and 25, 1957, at the Bon Air Hotel, 

Augusta, Georgia. 
Northeastern Weed Control Conference 

President—L. L. Danielson, Virginia Truck Exp. Sta., P. O. Box 
2160, Norfolk, Virginia. 

Vice-president—C. L. Hovey, Eastern States Farmers’ Exchange, 
West Springfield, Mass. 

Secretary—R. J. Aldrich, Farm Crops Dept., Rutgers University, 
New Brunswick, New Jersey. 

Treasurer—D. A. Schallock, Farm Crops Dept., Rutgers Univer- 
sity, New Brunswick, New Jersey. 

Next meeting—January 9, 10 and I1, 1957, Hotel New Yorker, 
New York City. 

Western Weed Control Conference 

President—Henry Wolfe, Dept. of Agronomy, Washington State 
College, Pullman, Washington. 

Vice-president—Dick Fosse, American Chemical Paint Co., Den- 
ver, Colo. 

Sec.-Treas.—W. R. Furtick, Farm Crops Dept., Oregon State 
College, Corvallis, Oregon. 

Next meeting—February, 1958, at Spokane, Washington. 





North Central Weed Control Conference 

President—E. A. Helgeson, Dept. of Botany, North Dakota State 
College, Fargo, North Dakota. 

Vice-president—F. W. Slife, Dept. of Agronomy, Univ. of Illinois, 
Urbana, Illinois. 

Sec.-Treas.—D. W. Lambert, Nebraska State Dept. of Agriculture, 
Lincoln, Nebraska. 

Next meeting—December 11, 12 and 13, 1956, at the Sherman 
Hotel, Chicago, Illinois. 











SUSTAINING MEMBERS 


American Chemical Paint Company, Ambler, Pennsylvania 

American Cyanamid Company, New York, New York 

American Smelting and Refining Company, So. Plainfield, New 
Jersey 

Association of American Railroads, Chicago, Illinois 

John Bean Division, Food Machinery & Chemical Corp., Lansing, 
Michigan ! 

Carbide and Carbon Chemicals Company, New York, New York 

Chipman Chemical Company, Inc., Bound Brook, New Jersey 

The Dow Chemical Company, Midland, Michigan 

E. I. duPont de Nemours & Co., Inc., Wilmington, Delaware 

The Engine Parts Manufacturing Company, Cleveland, Ohio 

G.L.F. Soil Building Service, Ithaca, New York 

Hercules Powder Company, Wilmington, Delaware 

Monsanto Chemical Company, St. Louis, Missouri 

National Aluminate Corp., Chicago, Illinois 

Oberdorfer Foundries, Inc., Syracuse, New York 

Olin Mathieson Chemical Company, Baltimore, Maryland 

Penn Line Service, Inc., Scottdale, Pennsylvania 

Pittsburgh Coke & Chemical Company, Pittsburgh, Pennsylvania 

O. M. Scott and Sons Company, Marysville, Ohio 

Spraying Systems Company, Bellwood, Illinois 

Standard Agricultural Chemicals, Inc., Hoboken, New Jersey 

Swift and Company (Plant Food Division), Chicago, Ilinois 
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I. Economic Aspects AND GENERAL WEED PROBLEMS 


Anperson, E. G. Co-operation between research, industry, extension and 
regulatory groups, in the attack on weed problems in Canada. No. Cent. 
Weed Control Conf. Proc. 11:20-21. 1954. 

—————.._ Is chemical weed control worthwhile? Family Herald & Wk. 
Star 85(36):3. Sept. 8, 1955. 

AUTHOSSERRE, M. La destruction des plantes nuisibles dans les alpages. 
Fed. Franc. d’Econ. Alpestre. B. (n.S.)4:41-43. 1953/54. 

Batt, W.S. What weeds cost in relation to quarantine and seed regulations. 
Calif. Weed Conf. Proc. 7:1-3. 1955. 

BaRANEK, P. P. What weeds cost in relation to irrigation itself. Calif. 
Weed Conf. Proc. 7:11-13. 1955. 

Benson, D.S. Public relations in ragweed control. Noeast. Weed Control 
Conf. Proc. 8:509-515. 1954. 

Berry, T. F. The way to win the war on weeds. Grange News 49(3):3. 
Feb. 11, 1955. 

Boumont, D. W. Weed control in Wyoming. Wyo. Agr. Expt. Sta. C. 
59,11 p. Apr. 1955. 

Bonita, R. A. Notas sobre el uso de yerbicidas (2,4-D). Rev. del Cafe 
10(5):35-36,41. Jan. 1955. 

Bowman, J. J. Weed control during 1953 in Ohio. Noeast. Weed Control 
Conf. Proc. 8:505.507. 1954. 

Braprorp, M. Weed control recommendations. Agr. Merchant 35:223 
224. May 1955. 

Britton, J. W. The responsibilities of the chemical industry in the develop- 
ment of a weed control program. So. Weed Conf. Proc. 8:20-24. 1955. 

By_terup, A. New progress in weed control. (In Norwegian.) Norsk 
Landbr. 21:30-31. Jan. 21, 1955. 

CALIFORNIA WEED CONFERENCE. Proceedings, seventh annual, January 
26 and 27, 1955. 

CanabDAa. NATIONAL WEED CommiTTEE. EAsTerRN Sect. Proceedings of the 
eighth meeting, November 1, 2, 3, 1954. Ottawa, 1955. 157 p. 

————. Herbicide Committee, Report, 1955. Canada. Natl. Weed 
Comt. East. Sect. Proc. 8:131-—154, 1954. 

CartierR, R. D. Les herbicides. B. des Agr. 37(12):16,88-89. Feb. 1955. 

CurepMAN CHEMICAL ENGINEERING Co. You can’t argue with weeds. 
You've got to kill them! Bound Brook, N. J., 1954. 34 p. 

Cirerri, R. Guide to selective hormone herbicides. II. (In Italian.) Riso 
3(8):5-7. Aug. 1954. 

C.iouston, D., and Scracc, E. B. Spraying for weed control. Scot. Agr. 
34:226. Spring 1955. 

Cotvarp, D. W. The role of State experiment stations and extension ser- 
vices in developing a weed control program. So. Weed Conf. Proc. 
8:9-13. 1955. 

Cox, W. T. B. Wait, and then weed. Farmers Wk. (London) 42(12):101, 
104. Mar. 25, 1955. 

Datta, S. K., and Banerjee, G. Chemical control of some weeds of 
Darjeeling. Sci. & Cult. 20:191-193. Oct. 1954. 

Dearsporn, C. H. Chemical weed killers and their use. Alaska. U. Ext. 
B. 610, 20 p. May 1955. 

DenMaARK. STATENS UKruptsForsoG. The Danish Institute for Weed 
Research 1953. (In Danish.) Tidsskr. f. Planteavl 58:177-184. 1954. 

Dincwa.i, A. R. Weed control of South Island hill country. Lincoln 
Col. Farmers’ Conf. Proc. 1954:84-93. 

DreessenN, J. USDA weed plots. Natl. Agr. Chem. Assoc. News & 
Pesticide Rev. 12(6):5-6. July/Aug. 1954. 

Dunnay, R. S., Hanson, H. L., Ny_unp, R. E. and Jensen, E. H. Cultural 
and chemical weed control in Minnesota, 1955. Minn. U. Agr. Ext. 
Folder 191, 32 p. Jan. 1955. 

Fast, M. The Council of State Governments and weed control problems. 
No. Cent. Weed Control Conf. Proc. 11:19-20. 1954. 

Fryer, J. D. Some topical aspects of chemical weed control in Great 
Britain. Inst. Corn & Agr. Merchants. J. 5:16-21. Spring 1955. 
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31. 
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34. 
35. 


36. 


38. 
39. 
40. 


41. 


48. 


49. 


Gatecurr, M. Weed killers. Women’s Farm & Gard. Assoc. Year Book 
1954:27-32. 

Gopvep Y Mur, A. Herbicidas. Zaragoza. Inst. Munic. de Hig. An. 
3(2):1-2. Sept. 1954. 

Gorsutinge, G. W. Gone with the weeds. Susquehanna-Wyo. Farm & 
Home News 8(5):1,15. Jume 1955. 

Gupnason, A. Weedkillers. (In Icelandic.) Freyr 51:54-47. Feb. 1954. 

Gusrarsson, H. Bekampa ograset (Control weeds). Hushsallsk. Forbund. 
Smaskr. 10,16 p. 1955. 

Hampson, C. P. Economics of weed control. Agr. Merchant 35:221—223. 
May 1955. 

HanscHett, D. M. Weed control. Agr. Soc. Trinidad & Tobago. J. 
54:423-425, 427-429. Dec. 1954. 

Harvey, W. A. Responsibilities of an extension weed specialist. Weeds 
3:45-48. Jan. 1954. 

Horsten, C. G. Von. Fall spraying of dormant weeds. (In Swedish.) 
Lantmannen 38:883-884. Oct. 2, 1954. 

Hutme, S. A. Hormone type weedicides. Farming So. Africa 30:215-219. 
Apr. 1955. 

Irvine, M. B. Chemical weed control. West Colo. Hort. Soc. Proc. 12:31, 
33, 35, 37, 39, 41, 43, 45-51. 1955. 

Ivanov, V. P. Sornye rasteniia i mery bor’by s nimi (Weeds and measures 
for controlling them). Moskva, Akademiia Nauk SSSR, 1955. 172 


Jetne, M. Weeds. (In Norwegian.) Landrukstidende 61:358-359. May 


oi, 330. 


Jones, L. G. What weeds cost in irrigated crops. Calif. Weed Conf. 


Proc. 7:13-15. 1955. 
- . What weeds cost in irrigated crops. Calif. Farmer, South 
Ed. 202:693-694. June 25, 1955. 


Jumietr, A. A propos des applications de l’acide 2,4-dichlorophenoxy- 


acetique. Cong. Internatl. de Phytopharm. (Compt. Rend.) 3(2):730 
731. 1952, pub. 1954. 

KasaAHArA, Y. Studies on the weeds of arable land in Japan, with special 
reference to kinds of harmful weeds, their geographic distribution, abund- 
ance, life-length, origin and history. Okayama U. Ohara Inst. f. Land- 
wirt. Biol. Ber. 10:72-109. Ref. 1954. 

Kepner, P. V. Extension work with respect to weed control. Weeds 
3:49-54. Jan. 1954. 

KincsmiL_, J. Chemical weed control. Essex Farmers’ J. 34(3):43-44. 
May 1955. 

Kuincman, G. C. Liquid nitrogen doubles as weed killer. Res. & Farming 
(N.C. Sta.) 12(3/4):3,15. Winter/Spring 1954. 

Knicur, L. J. It is easier to beat the weeds in New Zealand. Grower 
(London) 43:891. April 9, 1955. 

Know.es, G. My twenty two years with weeds. Canada Natl. Weed 
Comt. East. Sect. Proc. 8:4-9, 1954, pub. 1955. 

Kotev, I., and Kuprev, T. Study of effect of 2,4-D in weed control. 
(In Bulgarian) Bulgar. Akad. na Nauk. Inst. za Rastenievud. Izv. 
2:121-160. Ref. 1954. 

Konc De Brotros, L. Aplicacion de herbicidas. Res. 23:30332, 30334. 
Aug. 5, 1955. 

Kort, S. A. Sornye rasteniia i mery bor’by s nimi (Weeds and measures 
for controlling them). Ed. 2. Moskva, Gosudarstvennoe Izdatel’stvo 
Sel’skokhoziaistvennoi Literatury, 1955. 383 p. 

Kuun, A. O. The relationship between research and extension in weed 
control. Noeast. Weed Control Conf. Proc. 8:33-38. 1954. 

LapeNnseE, L. La destruction des mauvaises herbes messiales: les arrosages 
au 2,4-D. Rev. d’Oka 29:33-47,53. Ref. Mar./Apr. 1955. 

Ler, O. C. Trends in teaching weed control. Weeds 3:136-138. Apr. 
1954. 

Linc, L. Hormonas herbicidas. Balearic Isl. Diputacion Prov. B. de 
Agr. 127:11-14. (Cont.) Apr. 1955. 
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Lovvorn, R. L. Let chemicals kill weeds and brush. Prog. Farmer, Tex 
Ed. 70(3):60-61. Mar. 1955. 

_— J. What weeds cost on ranges. Calif. Weed Conf. Proc. 7:6-8. 

Mann, D. Will weeds be with us always? Kans. Farmer 92(9):6,27. 
May 7, 1955. 

Meapty, G. R. W. Making full use of selective herbicides. Wesfarmers 
News 3(13):12-13. Mar. 31, 1955. 

Mississippi. AGRICULTURAL EXPERIMENT STATION. Chemical weed control 
recommendations. Miss. Farm Res. 18(3):3—-7. Mar. 1955. 

--_————. Chemical weed control recommendations. Miss. Agr. Expt. 
Sta. C. 195, 26 p. Mar. 1955. 

MritcHe.i, F. L. Weed control on the farm. No. Cent. Weed Control 
Conf. Proc. 11:133-134. 1954. 

Muzik, T. J. Weed control in Puerto Rico. Advn. Chem. Ser. 13:85-—95. 
Ref. Mar. 1955. 

NARAYANAN, T. R. Recent advances in agriculture with special reference 
to weed control. Madras Agr. J. 41:310-313. Sept. 1954. 

Nerr, A. L. Practical experience with herbicides. Fla. State Hort. Soc. 
Proc. 67:107-109. 1954. 

NETHERLANDS. PLANTENZIEKTENKUNDIGE Drenst. Bericht over onkruid- 
bestrijdingsmiddelen (Report on herbicides). Netherlands. Planten- 
ziektenk. Dienst. Ber. 1118, 8 p. Feb. 1955. 

Nissen, G. Chemical weed control. (In Danish.) Jydsk Landbr. 37:286- 
288. Apr. 28, 1955. 

NortH Centra Weep Controt ConFeRENCE. Research report, eleventh 
annual conference, Fargo, North Dakota, December 7, 8 and 9, 1954. 
n.p., 1954. 

NortH CentraL Weep Controt CONFERENCE. COMMITTEE ON TERMIN- 
oLocy. Recommendations of the Committee on Terminology. No. 
Cent. Weed Control Conf. Proc. 11:149-151. 1954. 

NortH CENTRAL Weep Controt ConFERENCE. RESEARCH COMMITTEE. 
Recommendations of the Research Committee of the N.C.W.C.C. No. 
Cent. Weed Control Conf. Proc. 11:135-149. 1954. 

NorRTHEASTERN WeED Controt CONFERENCE. Proceedings of the eighth 
annual meeting, Hotel New Yorker, New York City, January 5, 6, 7 
1954. n.p., 1954. 546 p., and sup. 

————. Proceedings of the ninth annual meeting, January 5, 6, 7, 1955. 
n.p., 1955. 562 p., and sup. 

Ontario. Apvisory Commitree ON Hersicipes. Save time! Labour! 
Money! Follow the 1955 guide to chemical weed control; field crops 
Ontario Dept. Agr. Ext. C. 75A, 16 p.-folder. June 1955. 

————. Save time! Labour! Money! Follow the 1955 guide to 
chemical weed control; horticultural crops. Ontario. Dept. Agr. Ext 
C. 75B, 16 p.-folder. Jume 1955. 

-———-— Save time! Labour! Money! Follow the 1955 guide to chem- 
ical weed control; roadsides and waste places. Ontario. Dept. Agr. Ext. 
C. 75C, 16 p.-folder. June 1955. 

Parker, M. W. The weed research program of the U. S. Department of 
Agriculture. No. Cent. Weed Control Conf. Proc. 11:1-5. 1954. 

Present status and future plans of USDA weed control research 
program. Natl. Agr. Chem. Assoc. News & Pesticide Rev. 13(5):10-12. 
May/June 1955. 

Petersen, H. I. Spraying plan 1955. (In Danish.) Tolvmandsbladet 
27:153. May 1955. 

Price, L. N. A county highway weed-control program. Pub. Works 
86(6):156,158,160. June 1955. 

Prosyn, E. H. 1954 British Weed Control Conference. Empire Forestry 
Rev. 34:61—63. Mar. 1955. 

RaApDEMACHER, B. British Weed Control Conference in Harrogate (2.-4. 
11. 1954). (Abs.) Angew. Chem. 67:310-311. June 7, 1955. 

Rietey, P. O. Weed control in western Canada. Empire J. Expt. Agr 
22:261-266. Oct. 1954. 
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RosEWORTHY AGRICULTURAL COLLEGE. Australia’s weed problems; weed- 
control conference. Rur. Res. C.S.I.R.O. 11:16-19. Mar. 1955. 

RusscHEN, J. Chemical weed control in 1954. (In Dutch.) Netherlands. 
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